POLYYCARBONATE COVPQCSI TI ONS COVPRI SI NG HI NDERED AM NE LI GHT lPD&é lopy).
STABI LI ZERS AND ULTRAVI OLET LI GHT ABSORBERS FI ELD OF | NVENTI ON

“The .instant invention relates to weatherable conmposi tions (bl ends and

formul ati ons) conprising pol ycarbonate, hindered ami nes |ight stabilizers,

and ultraviol et |ight absorbers. 10 QC&FGJ TfIE Q\VE
Formul ati ons and bl ends conpri sing pol ycar bosdit kn egr ade
upon prol onged exposure to sunlight or other fornms of light. One of the

effects observed is yellow ng of the polycarbonate bl end/fornulation. This
15 problem has been alleviated by the use Qf |ight absorbers or |ight

bl ockers in the pol ycar bonat e bl ends. Thus ultraviolet |ight absorbers
(UVA) are known to be used in polycarbonate fornmul ati ons to protect
these formul ati m\*GmBONATEiemm@smomMPmsm WIRDERED i\merﬂleﬁ?f s
of light. Use of Hindered Am ne Light Stablllzers

stabili ze pol yol efi ns 2ETARLIZRRS ANRWRTREAVIGEETLIGHT, B§Qﬁ e been
based mainly on 2,2,6,6-tetramet hyl piperidine, except for t se based
on pi perazi nones. U S Pat ent Nunbers 4,190, 571; 4,292, 240; 4,480, 092;
and 5,071, 981 dFELDOF INMENTION of the piperazinone based HALS. In
addition while United States Patent Nunbers 3,919, 234, 3, 920, 659 and

4,208, 522 di3close sone pi perazi ne dione .25 based. HALS.
The instant invention relates to weatherable compositions (blends and

formulations) comprising polycarbonate, hindered amines light stabilizers, and
ultraviolet light absorbers.

10 BACKGROUND OF THE INVENTION

Formulations and blends comprising polycarbonates are known to
degrade upon prolonged exposure to sunlight or other forms of light. One of the
effects observed is yellowing of the polycarbonate blend/formulation. This

15 problem has been 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 forms of light.

Use of Hindered Amine Light Stabilizers (HALS) to Stabilize polyolefins

20 has been known. Commercially used HALS have been based mainly on
2,2,6,6-tetramethyl piperidine, except for those based on piperazinones. U.S.
Patent Numbers 4,190,571; 4,292,240; 4,480,092; and 5,071,981 disclose some
of the piperazinone based HALS. In addition while United States Patent
Numbers 3,919,234, 3,920,659 and 4,208,522 disclose some piperazine dione

25 based HALS. |

The use of HALS in polycarbonates is not very common. The stabilizing
effect of HALS on polycarbonate formulations/blends has been described as



The“use of HALS in pol ycarbonates is not very common. The stabilizing

ef fect of HALS on pol ycarbonate fornul ati ons/ bl ends has been descri bed as

2 2- "mnor", see for exanple Thonpson and Kl encthuk, in Polyner
Durability; R L. Clough et al., ACS Advances in Chem stry 249, 1995,
pp 303-317. The use of UVA in pol ycarbonate fornul ati ons has provi ded a
way to retard the rate of degradati on of polycarbonates as a result of
exposure to light. This method 5 however does not offer a conplete
protection of polycarbonate fornul ati ons from | i ght induced degradation
or discoloration. There is thus a continued_need for a met hod or
formulation that will help protect polycarﬁgﬁate based

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

light. “mirldr”, %@_f@?@i?arﬁbig Wﬂoﬁ%ﬁ%%)hnh%eg\chgﬁgn EstyrRér thabm%; R.L

pi perazi none and pi perazi ne 10 | one "based HALS, t he’ benzotriazo
benzophenone, t (Gloughmet alo &GS Addances in Chemistinu2dth 1095 apr 303-84@. UTAe use of

pol ycarbonate ¢ Lt ' | b . | St ] e ' rot.ectd ng
t he pol ycar bonal(:ajev) @iﬁ&@%@ﬁé‘% ?A(fh*%ﬁq'gﬂf t?af%ggb&gieﬁ é‘@é{oﬁ%@@ﬁ% l'at?hﬁz'fls
synergistic eff elegradationasfesolydacborialer astaabasultt of explosure taplightc arhiznmethod
Eglneg:lr L;ﬁgts ét gemr o F‘Es %iqﬁ%now n o e? a%egm%,gf l 1 Wﬁ?p?cg;gtqm%?%g@gﬂr da}howl e eotfon%\glations fromyp,e
i nstant inventi GahPIAULSE 8egradiitiPsr disedlofefibR! ThbADisIhi h YoaliPhéed P a al
| east one of a piperazinone and a pi perazi ne dione based HALS, and at | east

one of a benzot methed e orbcformulationndhat r millzi help oReptedti (eolycatbionate  based

et e on BRI 5P YR ool 850 2008 W .

triazine, oxanilide, ltdrag been suymisingly fduadd¢hatamedf the'piparazironecdnd piperazirtee

conposi tion 1%‘” Qﬁ(':nse' p:géé/d SHA?.@. aa¥\§ the benzotriazole, benzophenone, triazine, oxanilide,
and cyanoacrylate based UVA in polycarbonate compositions, exhibits a
synergistic effect in profecting the polycarbonate compositions from light induced
degra&ation. This synergistic effect increases the photostability of
polycarbonate compositions thereby slowing the yellowing and degradation of

15 | polycarbonate compositions.
SUMMARY OF THE INVENTION

The instant invention provides a composition comprising a polycarbonate,

20 atleast one of a piperazinone and a piperazine dione based HALS, and at least

one of a benzotriazole, benzophenone, triazine, oxanilide, and cyanoacryiate

based UVA. Incorporation of the piperazinone and piperazine dione based

HALS, and the benzotriazole, benzophenone, triazine, oxanilide, and

cyanoacrylate based UVA in the polycarbonate composition surprisingly displays

25 a synergistic effect in protecting the polycarbonates from the undesired

degradation or discoloration due to exposure to light, thereby rendering
weatherable polycarbonate compositions.



25r-a synergistic effect in protecting the polycarbonates fromthe

undesi red degradation or discoloration due to exposure to |light,

‘t hereby rendering weat her abl e pol ycarbonat e conpositions.

- 3- BRI EF DESCRI PTI ON OF DRAW NGS The Figure plots
exposures required to attain a Yl of 3.0 (relative to an unstabilized
control, Sanple 1) for BPA polycarbonate filns containing various ratios 5
of UVA to HALS at 1% by weight of the total polycarbonate conposition.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention
provi des a conposition conprising, a 10 polycarbonate, at |east one of a
pi per azi none and pi perazi ne di one based "HALS, and at | east one of a
benzotri azol e, benzophenone, triazine, oxanilide, and cyanoacryl ate

based UVA. Anot ' ' i on provides a conposi tion
wherein, (a) thﬁ#ﬁgmlgﬁgm@gﬁg%m about 90%to about 99. 9%

by weight of the total conposition; and (b) the piperazi none and 15
pi-perazi ne di one basquelffdure Plols blysosuee riquired @ attaih arvias B pelativé td azi ne,
oxani l'ide, and qyapdAREY/cBhfolPSaRBIdMAor BRRpolycgbomate filme opntatning varivus vativs

0.1%to abouts 1040 Rya WRUADS aPt %4 BiPwbightbf theRB@FpAlycaIboridie compbsitien. t he -
pi per azi none and pi perazi ne dione based HALS to the benzotriazol e,

benzophenone, triazine, oxanilide, and cyanoacryl ate based UVA being from
20 about 5:95 tRETAKLED DESCRIPTIONOFUFHEUNVENSI@Nr ed enbodi ment i s

provi ded a conposition wherein the ratio of the piperazi none and

pi per azi ne di one based HALS to that of the benzotriazole,
benzophenone, triazi mhe opmisehi dinveatidn provides a composition comprising, a

10 polycarbonate, at least one of a piperazinone and piperazine dione based

HALS, and at least one of a benzotriazole, benzophenone, triazine, oxanilidé.

and cyanoacrylate based UVA. Another embodiment of the invention provides a

composition wherein, (a) the polycarbonate comprises from about 90% to about

99.9% by weight of the total composition; and (b) the piperazinone and

15 piperazine dione based HALS and the benzotriazole, benzophenone, triazine,

oxanilide, and cyanoacrylate based UVA, taken together, comprise from about

0.1% to about 10% by weight of the total composition, the ratio of the

piperazinone and piperazine dione based HALS to the benzotriazole,

benzophenone, triazine, oxanilide, and cyanoacrylate based UVA being from

20 about 5:95 to about 90:10. In a further preferred embodiment is provided a

composition wherein the ratio of the piperazinone and piperazine dione based

HALS to that of the benzotriazole, benzophenone, triazine, oxanilide, and

cyanoacrylate based UVA is from about 5:95 to about 20:80. Another preferred

embodiment provides a composition wherein the ratio of the piperazinone and

25 piperazine dione based HALS to that of the benzotriazole, benzophenone,

triazine, oxanilide, and cyanoacrylate based UVA is from about 20:80 to about
75:25. _

A second aspect of the instant invention provides a composition

comprising, (a) a polycarbonate; (b) at least one of a piperazinone and



cyanoacryl ate based UVA is from about 5: 95 to about 20:80. Another

preferred enbodi nent provides a conposition wherein the ratio of the
:pi perazi none and 25 piperazine dione based HALS to that of the

benzotri azol e, benzophenone, triazine, oxanilide, and cyanoacryl ate
based UVA is from about 20:80 to about 75: 25. _ A second
.aspect of the instant invention provides a conposition conprising, (a)
a polycarbonate; (b) at |east one of a piperazi none and

-4- pi perazi ne di one based HALS; (c) at |east one of a benzotriazole,

benzophenone, triazine, oxanilide, and cyanoacryl ate based UVA; (d) an
additive; and (e) a blend stock. In one of -Fts enbodinent is provided a
conposition wherein: (a) the polycarbonate conprises from about 10%to
about 5 99.9% Db

[ ght ,of the tot 0 Si t.i th p| perazmon or
pi per azi ne B‘\F/’SW\%' sdignepas ‘ﬁd% bRz Y qﬁ%l é) ofe,
triazine, oxanipd¥phenoneNflidzid)Oogkdnitid, earws&/énbwylaiea‘tﬁ%eaowme(d) an

conprise from about 0 05%'t 0 about 10%b vvelgtt of the total
its

conposi tion; (cadditing:t anddet omhierd steen E‘b@O? of its pembodimenttis uproyisiadba
wei ght of the t A rom
about 0%to aboﬁ#rﬁéﬁﬁ?} &ﬁé}e"ﬂt (a&?ﬁl? RSQ%%EPQ &ﬁg)m tElejrén4 %}orﬁq%@" iosgﬁ%t;tr ed
pol ycar bonats i89. B?Abpoﬁeiglatréfotmetmtal composmonAnﬂI) Hbe piperbzinomel oermpehaznet
E;g\ehdaZLg fgms) E'@%{% W‘@éﬁé ancp ?r[eepej\gotﬁazo e, Qgr?z%pﬂengﬂéa %S%'n&e oxampge
and cyanoacrylate based UVA, taken together, comprise from about 0.05% to
about 10% by weight of th’e total composition; (c¢) additives comprise from about
0.01% to about 25% by weight of the total composition; and (d) the blend stock
10 comprises from about 0% to about 83% by weight of the total composition. The
preferred polycarbonate is BPA polycarbonate.
Another preferred embodiment provides a composition wherein the
piperazinone or piperazine dione based HALS is selected from:
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wher ei n: Rlerr] and R2 are independently Clerr] alkyl, hydrogen, acyl,
benzyl, Cerr] haloal kyl, Cerr] alkenyl, unsubstituted Cerr] aral kyl,
‘or carboal koxy; R2 optionally al so represents oxygen; R err] and R err]
i ndependently represent Cerr] haloalkyl, Cerr] alkyl, 5 {err]

cycloal kyl, Cerr] alkenyl, or unsubstituted C[err] aralkyl; or R3 and

Rl err], when taken together with the carbon to which they are attached,
forma Cerr] alicyclic ring; Rerr] and R err] are independently
Clerr] haloalkyl, Cferr] alkyl, C[err] alkenyl, or unsubstituted Cerr]
aral kyl; or R5 and Rl err] when taken together W|th t he carbon atomto
which they are attached, forma (Cferr] alicyclic ring; Rerr] is (err]
al kyl , [err] Rlerr] is hydrogen, Cl.24 alkyl, or aryl; R9 and
R10 |ndependentM[I Feg R esent derr] hal oal kyl, C[err] alkyl, C[err]
cycl oal kyl f I"kenyl , or unsubstituted C[err] aral kyl; or R9 and

5[ err], C:[\/\/nen] t allaéranﬁoaéhmrndopédidédﬂy (c,agglamyl mfhdgeahaéy(;,etlermyﬁ @,}L,E mhmkyl 15
orma ([err] alicyc err] an err] are, i ndependent

hal oal kyl, (erfe “y ‘%UEFR&WE]"] 9’k‘eﬁ§'k¥lopr Lﬁ?é‘ﬂﬂf@'f‘? ut d°€f‘é’?"ﬂy also
araal kyl ; or R Pédr]asékﬂ&'o d@érr RWhaRYial ndentli %%MOM rhanéé] {cey. wt om

to Wmchthey are attache forma (err] alicy err

Rlerr] are i hdeBerndeiaalkyb]Gen plkenyl or unﬁ@bSé'Me@pv Ilae%félk}’bn@f 813' asdi when
gr oups is brancgd,qBabigr Wik the SaFUN toAMRAEH t1idy5r lattathbd, Gbfh aabk}élallcﬂlﬁr r]

ring; R® and R are independently Cy.i haloalkyl, Cy.1e alkyl, Ca.1g alkenyl, or
unsubstituted Cr.4s aratkyl; or R® and R® when taken together with the carbon
atom to which they are attached, form a C.s, alicyclic ring; R” is Ci.20 alkyl,

||
~13
-(CHz)n-é OH

10 benzyl, -A-C-O-R” ¢
RM

R® is hydrogen, Ci24 alkyl, or aryl; R® and R" independently represent Ci.1g
haloalkyl, Ci.ig alkyl, Cs.1s cycloalkyl, Ca.is alkenyl, or unsubstituted C;.1s aralkyl;
or R® and R'", when taken together with the carbon to which they are attached,
1s form a Ca.y alicyclic ring; R' and R"™ are independently €i.1¢ haloalkyl, Ci:1s
alkyl, Ca.1s alkenyl, or unsubstituted C;.s araalkyl; or R and R'? when taken
together with the carbon atom to which they are attached, form a C..12 alicyclic
ring; R and R" are indé;‘Jendently Cis alkyl, wherein at least one of said

groups is branched on the o« carbon atom; RY is Ciz alkyl; R" is

6R5

N(Cyg cyclo alkyl) (CHp)y4-p{  NR'®

2 R* R?



[er»-‘_r] _ - 6- Rlerr] is Hor
Cerr] alkyl; Ais a straight or branched chain (lower) alkyl ene having
:froml to 6 carbon atons optionally substituted with CJerr]-C6 al kyl; and n

represents an integer from1l to 4. Preferred HALS are
represented by: [err] wher ei n: R3, Rerr], Rerr],
and R err] are each nethyl; Rerr] is

-6-

R'™ is H or Ci4 alkyl; A is a straight or branched chain (lower) alkylene having
from 1 to 6 carbon atoms optionally substituted with C,-C¢ alkyl, and n
represents an integer from 1 to 4.

Preferred HALS are represented by:

Re O R g RV

S
R17J\N/LR17

R—N N—(CH)ys—N N—R
and

N

5 R d r K
Formula il Formula IV
wherein:
R®, R, R®, and R® are each methyl;
R is

6R5

N(Cyg cyclo alkyl) (CHp)14-N  NR'®

3
10 rR* R ; and

R is H or Ci4 alkyl. A further preferred embodiment provides a

composition wherein the HALS is a piperazine dione represented by

T7
N
11 9
a""i‘ R10
Ra

Formula il
15 wherein:
R? and R™ independently represent methyi; or R® and R', when taken together

with the carbon to which they are attached, form a cyclohexyl ring; and



[ert] 10 Rlerr] is Hor (Jerr] alkyl. A further preferred enbodi nent
provi des a conposition wherein the HALS is a piperazine dione
‘represented by [err] 15 wherein: Rlerr] and R err]

i ndependently represent nethyl; or R err] and R er]r, when taken together
with the carbon to which they are attached, forma cycl ohexyl ring; and

7 - Rlerr] and R err] independently nethyl; or R" and R err], when
taken together with the carbon atomto which they are attached, forma
cycl ohexyl ring. The ultraviolet |ight absorbers (UVA) useful in
t he present invention are t hose which are generally conpatible wth
pol ycarbonates in general. Preferred 5 are b&nzotriazol e, benzophenone,
triazine, oxanilide, and cyanoacryl ate based UVA represented by the

Following structynal fo rlryégpee:ndently methyl; or R'' and R, when taken together with the
carbon atom to which they are attached, form a cyclohexyl ring.
The ultraviolet light absorbers (UVA) useful in the present invention are
those which are generally compatible with polycarbonates in general. Preferred
s are benzotriazole, benzophenone, triazine, oxanilide, and cyanoacrylate based
UVA represented by the following structural formulae:

HO. O.
R0 R2' 8 0 OH wp/ g2
N Rz‘YN
\N ,
Rza/CEN' Q ” O O = NN )
R R R? Y
st st Rm

Formula V Formula VI | Formula VI
10 _
0
H Ph cN
33
R N\R32 >-_=_<{ron“
N PH
H , and .
O O
Formuia VIl Formula IX
wherein:
15 R¥is OH;

_R® is CyCs;s branched or straight chain alkyl, C(CHs):CeHs,

Hz
° H, OH O /Y C
/c /N\
HC O O /©; N
2 ! caH17° ’ or Ru N Ra N
& .



[ err] wherein: 15 R err]isOH; Rlerr] is (derr]-Cerr] branched

or straight

chain alkyl, C(CH3)2C6Herr], [err]

F-8- Rlerr] is (Jerr]-Cerr] branched or straight chain al kyl,
-C(CH3)2C6H err], -(CH2)2-C(O-0O

10

15

25

-8-

R# is C;-Cys branched or straight chain alkyl, -C(CH3).CsHs, -(CHa).-C(O)-O-
CsHiz, -CH2-CH,-C(0)-0O-(C2HiO)s-H, -CH.CH-O—C(O)-C(CH3)=CH,, or -
C(CeHs)2-CHa;
R®is HorCl;
R? is OH, -OC-Cialkyl, -O-CH,CH=CH,, -O-(CH,):Si(OEt)s, -OCH,COOH,
-O(CH,):0C(0)-CH=CH,, -OCH:CH,OH, or -O-CHz-CH(OH)-CH,O-C¢H7;
R* is H, benzoyl, SOsH, or SOsNa;
R¥ is H, SOsH, or SO:Na;
R? is H, OH, OCHj, or -C(CHa)s;
R%is H or OH;
R® is -C;-Cyo alkyl, or -Cy=s branched or straight chain alkyl-O-Co-Css straight
chain alkyf; '
R¥® and R*' independently represent a phenyl radical optionally substituted with
up to two C,-C, alkyl substituents;
R* and R® indepengiehtly represent aryl groups substituted with at least one of
C,-C,2 alkyl or C4-C, alkoxy group; and
R* represents Cy-Csq straight chain alkyl group, C.-Cs branched alkyl group, or a
C1-Cs hydroxy alkyl group.

Further preferred UVA's are those represented by Formula V, Formula Vi,
and Formula VIl wherein:
R® is OH; )
R?'is C(CHgs)a, C(CH3)2C2Hs, C(CH3)2Ph, or CH(CH3)C2Hs;
R% is CHs, C(CHa)s, C(CHa)2Ph, CHz-CH2-C(0)-O-(C.H.OH)s, or C(CHj3).CH.-
C(CHa)s;
R%is H;
R* is OH or OC; -C, alkyl;

R? is H or benzoyl;



Jerr]Herr], -CH2-CHerr]-C(O-0(CQHerr]Oferr]-H,

- CH2CH2- O (O - C(CH3) =CH[ err], or - C(derr]Herr])2-CHerr];

*Rlerr] is Hor d; 5 Rlerr] is OH -OCerr]-Cerr]al kyl, -O CH2CH=CHZ,
-0 (CH2) 3Si (CEt) 3, - OCH2COCH, -Q(CH2)[err] OC(O) - CH=CH2, - OCH2CH2OH, or
-OCH2-CH(OH) -CH2O0- C8H[ err ] ; Rlerr] is H benzoyl, SG3H, or SO3Na;
Rlerr] is H SO8H or SC3Na; Rlerr] is H OH OCH3, or

-C(CH err])[err]; 10 Rlerr] is Hor OH Rlerr] is -Clerr]-Clerr]

al kyl, or -(Jerr] branched or straight chain alkyl-O(err]-Cerr] straight

chai n al kyl ; Rlerr] and R err] independently represent a phenyl

radi cal optionally substituted with up®%o two Jerr]-C4 al kyl
substituents; 15 Rerr] and Rlerr] independently represent aryl groups
substituted wt zaitsl-ll'eaSt one of Cerr]-Cerr] alkyl or (Jerr]-Cerr]
al koxy group; a ' Rerr] represents CJerr]-C[err] straight chain alkyl
group, ( err] - CRé" is]H,,oRN6d®CBH8] kyl group, or a C err]-C6 hydroxy

al kyl group. Further preferred UVA's are those represented by
Formul a V, Formﬁa’s\ﬂm'@(']" and Formula VII wherein: Rlerr] is OH

R21 is C(CH3) [ ey @( %[err] C(CH3) 2Ph, or CH(CH3) C2Hs;
Rlerr] is CHS3, &jdﬁ[err [err], C(CH3)2Ph CH2-CH2- C(O).- O (C2HAOH) [err or
C( CH3) 2CH2- 5 ¢R§ gemdenpygreqremytﬁ pheny! radipglgubptitutedwithe 1@@!@1 r
] 84 alkyl; Spec?ncal?y pre%rrgf DAY hre 2-(2'-hydroxyaryl benzotriazole), 2,4-diaryl-6-(2'-
hydroxyaryl)-s-triazines, and 4,6-dibenzoyl resorcinol.
As used in the instant invention a polycarbonate comprises multiple
structural units represented by the formula |
10
[-0-A1-0-C(0)-]
Formula X
wherein Al is a divalent aromatic hydrocarbon radical. Suitable Al radicals
include m-phenylene, p-phenylene, 4,4'-biphenylene, 4,4"-bi(3,5-dimethyl)-
15 phenylene, 2,2-bis(4-phenylene)propane and similar radicals such as those
which correspond to the dihydroxy-substituted aromatic hydrocarbons disclosed
by name or formula (generic or specific) in U.S. Patent 4,217,438.
The A1 radical preferably has the formula
“-A2.Y-A3.
20 . Formula Xi

wherein each of A2 and A'3 is a mono cyclic divalent aromatic hydrocarbon
radical and Y is a bridging hydrocarbon radical in which one or two atoms

separate A2 from A3. The free valence bonds in formula X are usually in the

meta or para positions of A2 and A3 in relation to Y. Compounds in which Al
25 has formula XI are bisphenols, and for the sake of brevity the term “bisphenol* is

sometimes used herein to designate the dihydroxy-substituted aromatic



R26 is H; R27 is H OH, or OCH3; Rlerr] is Hor OH . Rerr] is
Clerr] alkyl; and 5 Rlerr] and R31 independently represent a phenyl '

radi cal substituted with Cferr] al kyl. Specifically preferred UVA are
2-(2' -hydroxyaryl benzotriazole), 2,4-diaryl-6-(2"-
hydroxyaryl)-s-triazines, and 4, 6-di benzoyl resorcinol. As used
In the instant invention a pol ycarbonate qgrrprl ses nmultiple structural
units represented by the forrmula 10

[err] Formul a X wherein Alerr]
is a dival ent hgamtbmshuéheaﬁrﬁmmdaﬁbaa,l howsliet ahhendk{ Brsbl'aeriicﬁ@bﬁfplo&nds

i ncl ude m phen¥l ene, henyl ene, 4, 4' -bi Spenyl ene, 4,4'-bi(3,5-dinethyl)-
15 phenyl ene?® Q‘@W@Péﬂ ﬁﬁ@Wl%ﬂ%‘?ﬁ%ﬁ%ﬁ rORBAE; i | ar radl cal s such as

hyar acar bone. d sci DL X fle A% et RN 9 He i ESsth @ Bhbdyiene o
#Jorsrm rgt ent 4 hdbcadibn-substituted deriVativéy ahéreof, aillustrativer slibstitbénts h@met be

Formula X 5 morghbeiggralicd andatkenyla r\h\sp@stitgtea éﬂeﬁ%&]e@?c%fg#@alﬁ g Regferred.
aromati o S g 40 SRS o i, el B B9 B S
in formula X @henyleuabhme 0- bhm-phen len@&ina tﬁé oWr p-phedylenens of A2 and A3
o AR e b i B B o
00 ™ hyarsed ?%%Etff’ofﬁi?h%ﬁ?%%@ﬁ%@é%‘é%ﬁﬁ%%é*é&ﬁé,“‘ﬁﬁa?- .
non- bi sphewol mathyieneds 2-[2.2.1]-bicycloheptyimethylene,  ethylene, isopropylidene,
neopentylidene, cyclohexylidene, cyclopentadecylidene, cyclododecylidene and
adamantylidene; gem-alkylene (alkylidene) radicals are preferred. Also
included, however, are unsaturated radicals. For reasons of availability and
particular suitability for the purposes of this invention, the preferred bisphenol is
15 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 Nos. 4,125,572; 3,028,365,
3.334,154; and 3,915,926; all of which are incorporated herein by reference.
The compositions of the instant invention comprise at least one of a
20 piperazinone and piperazine dione based HALS, and at least one of a
benzotriazole, benzophenone, triazine, oxanilide, and cyanoacrylate based UVA.
it should be noted that one or a mixture of more than one piperazinone and
piperazine dione based HALS along with one or a mixture of more than one
benzotriazole, benzophenone, triazine, oxanilide, and cyanoacrylate based UVA
25 can be used as part of the instantly claimed compositions. The piperazinone and
piperazine dione based HALS are generally represented by Formula |, Formula
I, Formula Ill, or Formula IV while the benzotriazole, benzophenone, triazine,



of this type may al so be enpl oyed as appropri ate. In fornul a
X, the A2 and A3 val ues may be unsubstituted phenyl ene or

hydrocarbon substituted derivatives thereof, illustrative substituents (one
or 5 nore) being al kyl and al kenyl . Unsubstltuted phenyl ene radicals are
preferred. Both A2 and A3 are preferably p-phenyl ene, although both
may be o- or m phenyl ene or one o- ary;m phenyl ene and the ot her

p- phenyl ene. The bridging radical, Y, is one in which one or two
atons, preferably one, separate A2 fromAlerr]. Illustrative radicals
of this type mnmehmwmnoaynﬁlalébnyéd UV arerrepiglsented by Formula V, Formula
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| east one of 31 b&é’ﬁ%?ﬂ none and pi perazi ne di one based HALS, and at
| east one of Aerein BG€az0l e, benzophenone, triazine, oxanilide, and

cyanoacryl gt e basehdd/As used mttheliAsthflt RPeMBrEthé PRfaseled sﬁ)cmﬁfdééé tof
nmore than one piperazi none and pi perazi ne dione based HALS along with

one or a nixt fescabe PPeorimerne ipgeedients Kepresented byl aromglie pojrestass.caliphatic

the i notant |y Pefers™afd CHRGHE poliniek. t82EbIeS bt Bena SLAnRGE R BAL . ©
di one based HAl®ylene tgeephtbalbte, r polytetiyienel feyephthatatey, hcrffenitrild-butadienet |,
Formula 111 qyRE MbbBormhel " [ASs), "SiyRHE: Sl IoRRReC coBSARR" TERRS: sftdrd? M
15 acrylonitrile-acrylate copolymers (ASA), and poly(1,4-cyclohexanedimethanol-
1,4-cyclohexanedicarboxylate) (PCCD).

EXPERIMENTAL DETAILS

20 Mixtures of UVA and HALS impart a synergistic effect when used in
combination. Thus, rather than using a particular amount of UVA or HALS alone
in a formulation, it is advantageous to use a mixture of UVA and HALS. This
effect will generally be independent of the structure of the UVA and independent
of the structure of the HALS, as long as the HALS is compatible with the

25  polycarbonate aﬁd the UVA has significant absorption in the range of 295-330
nm. A typical UVA used is Cyasorb° 5411, which is a product of Cytec
Corporation and belongs to the benzotriazole class of UVA. The piperazinone



oxani |l ide, and cyanoacryl ate based UVA are represented by Formula V,

For mul a VI, Formula VI1, Forrmula VIII, and Formula I X. Also as used
“herein, additives may include such materials as col orants, whitening
agents, thermal stabilizers, nmet al deactivators, inpact nodifiers,
extenders, antistatic agents, and s processing aids. The different
additives that can be incorporated in the ~conpositions of the instant
i nvention are conmonly used and known to.one skilled in the art.
[I'lustrative descriptions of such additives may be found in R Gacht er
and H Muller; Plastics Additives, 4[err] edition, 1993 and are

i ncor por at ed herein by reference. 10 -12- Also, as used in the instant
i nvention, the phrase blend stock is used to descri be one or nore

and styrenic. poryae LS SERIEY GopRlLY SEIGRSMAP I RupuanySPRiRRISEE

but yl ene t er ephanhleffieativs clpss ¢f(ldALS I ene t er epht hal ate),

acrylonitril e-butadi ene- styrene copol yner (ABS), styrene-acrylonitrile
copol ymer (SAN, styrene- 15 acrylonitrile-acrylate copolyners (ASA), and
pol y(1, 4- cycl ohexgnedOnet hanol - 1, 4- cycl ohexanedi cafboRyl at e) (PCCD).
EXPERI MENTAL DE 20 M xtures of UV. p

synergistic eff se®in NH conbination. : n using a
particul ar anou al one in a
advant ageous to m xt ur @ ofy\ UVA and HALS. Thi~ effe ™

general |y be independent of Qhe’ Structure of the WA and i ndepenednt
the structure of the BRB®4 as |ong as the HALS is co%i’ﬁlﬁ ﬁ/ith t¥re |25
pol ycarbonate and the UVA has significant absorption P ! nge of
295- 330 nm A typical UVA used is Cyasorbe 5411, which is a product of
Cytec Corporation and belongs to the benzotriazole class of UVA The
pi per azi none , '

5 The ratio of UVA to HALS, at which the maximum synergism occurs, is

of

probably dependent on the thickness of the sample, the nature of the colorants
that might be present, the absorptivity of the UVA, and the light exposure
conditions. The following data shows maximum effectiveness at a ratio of
approximately 0.75 UVA to 0.25 HALS in approximately 18 microns thick

10 polycarbonate film.

Example 1: Photostability of solvent-cast films.

BPA polycarbonate (BPA-PC) films approximately 18 microns thick were
15 cast from methylene chloride by drawing 20% solids solutions on a glass plate
using a 6 mil doctor blade. The HALS and UVA, taken together, were added to
the methylene chloride solut}on at a total of 1% by weight of the polycarbonate
composition in th'e ratios shown in Table 1. The UVA was Cyasorb® 5411 (a
benzotriazole based UVA) and the HALS was Goodrite® 3034 (a piperazine

20 based HALS).
Samples 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 fong at an irradiance of 0.77 W/m? at 340 nm, black pane! temperature



-12 - class of HALS, typified by Goodrite 3034 (GR3034), is an
illustrative exanpl e of an effective class of HALS. [err] 5
*The ratio of UVA to HALS, at which the maxi mum synergi smoccurs, is
probably dependent on the thickness of the sanple, the nature of the

col orants that m ght be present, the absorptivity of the UVA, and the

| i ght exposure conditions. The foll ow ng data shows nmaxi mum
effectiveness at a ratio of approximately 0.75 UVAto 0.25 HALS in
approximately 18 mcrons thick 10 polycarbonate film Exanpl e 1:
Photostability of solvent-cast fil ns. BPA pol ycar bonat e ( BPA- PC)
filns approximately 18 microns thick were 18- cast from nethyl ene chloride
by draw ng 20% solids solutions on a glass plate using a 6 m |l doctor

bl ade. h , , .
e I oS it B G RT aie G8he! i, 1B TR0
conposi tion in é@grgﬁ@'\%\% Egélmtmw§%?|s‘éra’ly dufirsy m\éﬁa@@is ?ﬁ(ﬁtﬁ,@é.b Bbiuledis

benzotri azol e bas ' the HALS was "Goodrite 303 a pl perazine 20
based HALS). measured istotpl kilgjoutesdkdhqf drsadiange atB48tnms G 35a xenon arc

Weat her - onet ' | | . '
(i ttors. The light ottt BRpdat bt iahoBibositOlol the nhife fo Il o ¥efloRHER ndsx,
Wn2 at 340 sim (Y1 ASTMoBHIERS5) efffae asd shiawn in Table 1.

Table 1.
Performance of UVA/HALS ratios at 1% of total loading composition
Sample # % of . % of Exposure to Relative
UVA HALS Yi=3.0 yellowing rate
reduction
1 0 0 870 kJ/m* (1)

2. 1 0 1580 1.82

3 0.75 0.25 1696 1.95

4 0.50 0.50 1536 1.77

5 0.25 0.75 1391 1.52
6 0 1 1145 1.32

N * Calculated by dividing exposure in the previous column by control exposure.
The results are also plotted in the Figure which shows the positive
deviation from linearity indicative of a synergistic effect of the combination of
15 UVA and HALS. The straight line (identified by the letter ‘P' in the Figure)
represents the expected additive/resulting effect, on the photostability of the
polycarbonate composition, as a consequence of incorporating the piperazinone
based HALS and the benzotriazole based UVA in the BPA-PC. The curve
(identified by the letter ‘Q" in the Figure) is the actual effect observed, on the
20 photostability of the BPA-PC, as a consequence of incorporating the
piperazinone bésed HALS and the benzotriazole based UVA in the BPA-PC.
" The positive deviation represented by the curve Q from the expected linearity

represented by the line P is indicative of the synergistic effect observed as a



- 13- 75[err]C, dry bulb tenperature 45[err]C, and wet bul b depression

10[err]C. There was a 20 mnute dark cycle with water spray during the
| ast 15 minutes. Exposure is nmeasured in total kilojoules (kJ) of

irradi ance at 340 nm The amount of |ight exposure for the filns
to reach a Yellowness Index 5 (YI, ASTM D1 925) of 3.0 are shown in Table
1. Tabl e 1. Per f or mance of
UVAHALS ratios at 1% of total |oading conposition Sampl e # %
of % of Exposure to Rel ative UVA
HALS Yl =3.0 yellowi ng rate

reducti on 1 0 -14-0 870 kJ/nmerr]

(1) 2. 1 0 1580 1.82
8. 50 0. 3.550 result%f%@mbilné%%the pip&RFfhone based HALS indShe benzotgazole based
g.25 0. 75 UVAin the BPASRG. 1.52 6 0

1 ' 1145 1.32 10 * Cal cul ated by dividing exposure
in the previous colum by control exposure. The results
are also plotted in the Figure which shows the positive deviation from

linearity indicative of a synergistic effect of the conbination of 15 UVA
and HALS. The straight line (identified by the letter '"P in the Figure)
represents the expected additive/resulting effect, on the photostability of

t he pol ycar bonat e conposition, as a consequence of incorporating the
pi per azi none based HALS and the benzotri azol e based UVA i n t he BPA-PC.
The curve (identified by the letter "Q in the Figure) is the actual

ef fect observed, on the 20 photostability of the BPA-PC, as a conseguence
of incorporating the



pi per azi none based HALS and the benzotriazol e based UVA i mm] l!ﬁ ﬂmm“l
The positive deviation represented by the curve eromt

‘linearity: represented by the line P is indicative of t"he synergl stic
effect observed as a -
14- result of conbining the piperazinone based HALS and the benzotri azole
based UVA in the BPA-PC.
15- CLAI Ms: 1. A conposition conpri sing:
(a) a pol ycarbonat e;
-15-
CLAIMS:
1. A composition comprising:

(a) apolycarbonate;

(b)  at least one of a piperazinone and piperazine dione based
5 HALS; and

(c) at least one of a benzotriazole, benzophenone, triazine,

oxanilide, and cyanoacrylate based UVA.

2. A composition of Claim 1 wherein:

(a) the polycarbonate comprises from about 90% to about

10 99.9% by weight of the total composition; and

(b) the piperazinone and piperazine dione based HALS and the
benzotriazole, benzophenone, triazine, oxanilide, and cyanoacrylate based UVA,
taken together comprise from about 0.1% to about 10% by weight of the total
composition, the ratio of the piperazinone and piperazine- dione based HALS to

15 the bénzotriazole. benzophenone, triazine, oxanilide, and cyanoacrylate based
UVA being from about 5:95 to about 90:10.

3. A composition of Claim 2 wherein the ratio of the piberazinone and
piperazine dione based HALS to that of benzotriazole, benzophenone, triazine,
oxanilide, and cyanoacrylate based UVA is from about 5:95 to about 20:80.

20 4. A composition of Claim 2 wherein the ratio of the piperazinone and
piperazine dione based HALS to that of the benzotriazole, benzophenone,
triazine, oxanilide, and cyanoacrylate based UVA is from about 20:80 to about
75:25.

5. A composition of claim 4 wherein, the polycarbonate is BPA

25  polycarbonate.

6. A composition of Claim 5 wherein the piperazinone and piperazine

dione based HALS is selected from:
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"benzophenone, triazine, oxani | i de, and cyanodcr ¥l at e ased”
UVA. 2. A conposition of Caim1l wherein: (a)

t he pol ycarbonate conprises from about 90%to about 10 99. 9% by wei ght of
the total conposition; and (b) the piperazi none and pi perazi ne
di one based HALS and t he benzotri azol e, benzophenone, triazine,

oxani |l ide, and cyanoacryl ate based UVA, t aken toget her conprise from
about 0.1%to about 10% by wei ght of the total conposition, the ratio

of the piperazinone and pi perazi ne di one ba¥d HALS to 15 the
benzotri azol e, benzophenone, triazine, oxanilide, and cyanoacryl ate based

UVA being from about 5:95 to about 90: 10. 3. A conposition of
Claim2 wherein the ratio of the piperazi none and pi perazi ne dione
based HALS to that ¢ benzotri azol , benzophenone triazine, oxani |l i de,
and cyanoacryl ate bdsed QNA i qfr hput S: t @ about 20: 8. g0 4,

A conposition of wher el atl oR p| per azi and
pi perazi ne di ongshase LS t @1t hat Ofo t nzolt enz

henone,
triazine, oxanili SN nd cyanoa te base UV ?%Q%r-ﬁ out 0g810 to
about 75:25. R®| n 5R™ JA gonposi t f cI aim 4>VW¢<e| n, the
pol ycar bonate is BP/B"’25 pol ycar bcn?at e. R . AGC oRp 08 ti onaref
Claim5 wherein the piperazinone and pi per azi ne di one based HALS is
selected from Formula | Formula i Formula il - 16-

X
()
L

Formula 1V

wherein:
R' and R? are independently Ci.2¢ alkyl, hydrogen, acyl, benzyl, C..1» haloalkyl,
10 Ci.12 alkyl, Ca.14 alkenyl, unsubstituted C-.14 aralkyl, or carboalkoxy;
R? optionally also represents oxygen;
R® and R* independently represent Cy.1g haloalkyl, Ci.1s alkyl Cs-18 cycloalkyl, Cz
1 alkenyl, or unsubstituted Cy.i aralkyl; or R® and R’, when taken together with
the carbon to which they are ‘attached, form a Cs.42 alicyclic ring;
15 R°® and R°® are independently Ci.g haloalkyl, Ci.1e alkyl, C..is alkenyl, or
unsubstituted Cy.i¢ aralkyl; or R® and R® when taken together with the carbon
atom to which they are attached, form a Cs.1, alicyclic ring; |

0
| : I s
R’ is C1.z0 alkyl, benzyl, -A-C-O-R™ or



[err] Rlerr] and R err] are independently C[er |mﬂ " “ll Ulll
hydr ogen, acyl, benzyl, Cerr] haloal kyl, 10 Cerr] aI kyI

‘unsubstituted Cl[err]4 aral kyl, or car boal koxy; Rlerr] optionally al so
represents oxygen; R3 and Rl err] independently represent C[err]
hal oal kyl, CJerr] alkyl, Cferr] cycloalkyl, Cerr]. 18 al kenyl, or

unsubstituted (Jerr] aralkyl; or R3 and R err], when taken together with
the carbon to which they are attached, forma C[err] alicyclic ring; 15
Rlerr] and Rlerr] are independently Cerr] haloal kyl, Cerr] alkyl, Cerr]
al kenyl , or unsubstituted C[err] aral kyI or Rerr] and R6 when taken
together with the carbon atomto which ?hey are attached, forma (err]
alicyclic ring:
13
«(CH,), OH
R.l4 .
R® is hydrogen;
R? and R" independently represent Cy.1s haloalkyl, Cy.1¢ alkyl, Cs-1s cycloalkyl, Co.
s alkenyl, or unsubstituted Cr.qs aralkyl; or R® and R, when taken together with
s the carbon to which they are attached, form a Cs.1, alicyclic ring; _
R'" and R" are independently Ci.1s haloalkyl, Ci4s alkyl, Co4s alkenyl, -or
unsubstituted C;.1s araalkyl; or R'' and R™ when taken together with the carbon
atom to which they are attached, form a Cs.» alicyclic ring;
- R"™and R" are independently C.. alkyl, wherein at least one of said groups is
10  branched on the < carbon atom;
R'" is C1.20 alkyl;
R"is
6 Rs
- N(Cqgcycloalkyl) (CHy)y4-N  NR®
R? R’
R'" is H or Cy.¢ alkyl;
15 A is a straight or branched chain (lower) alkylene having from 1 to 6 carbon
atoms optionally substituted with C,-C, alkyl; and
n represents an integer from 1 to 4.
7. A composition of Claim 6 wherein the HALS is a piperazinone

represented by: -



ﬁ;dr ogen; RO and Rerr] i ndependent |y represent C[ err] “Illmmlluu'u “ILF“ |!I1

"Cerr] alkyl, C[err] cycloalkyl, Cerr]- [err] al kenyl,
unsubstituted CJerr] aralkyl; or Rerr] and R err], when taken t oget her
with 5 the carbon to which they are attached, forma Cerr] alicyclic .

ring; Rlerr] and R err] are independently Cerr] haloal kyl, Cerr]
al kyl, C2.18 al kenyl, or unsubstituted Clerr] araalkyl; or Rerr] and
R12 when taken together with the carbon atomto which they are
attached, forma ([err] alicyclic ring; 8R[err] and R[err] are
i ndependently C[err] al kyl, wherein at | east®one of said groups is 10
branched on the [err] car bon at om Rlerr] is (Jerr] alkyl; Rl err]
IS [err]* R[err]gelsgor C[err]ReaIIgyI 15 Ais e,stralght or
branched chain (| ower)ags ene havin fm1 to 6 carb at ons
optionally substitut ed th C[err{ Ck al kyl ; and n represents an
i nt eger from1l to 4. R—N N—(GH cq |t|ono 6 wherein the
HALS i s a piperazi none >\—-(epr esente : ,, “
R' R g s R R R
Formula lli Formula tV
wherein:
R®, R*, R®, and R°® are each methyl;
5 R"is
6 Rs
N(Cyg cyclo alkyl) (CH3); 4 ~pN NR'8
3
r* R ; and
R'" is H or Cy.¢ alkyl.
8. A composition of claim 7 wherein the HALS is a piperazine dione

10 represented by

‘ Formula fl
wherein:
R® and R independently represent methyl; or R? and R'’, when taken together
15 with the carbon to which they are attached, form a cyclohexyl ring; and
R'' and R* independently methyl; or R'' and R'’, when taken together with the

carbon atom to which they are attached, form a cyclohexyl ring.



cach methyl: 5 | Rlerr] s [err] = gerr s NI AR

‘Cerr]al kyl . 8. A conposition of claim7 whereinthé HALS"is*a "
pi perazi ne dione 10 represented by [err] wher ei n: Rl err]

and Rl err] independently represent nmethyl; or Rlerr] and R err], when taken
t oget her

-19-

9. A composition of Claim 6 wherein the benzotriazole,
benzophenone, triazine, oxanilide, and cyanoacrylate based UVA is selected

from:
HO o
R g R® 0 OH . p/ g2
/N R N
ey - S
5 R2S R2S R¥
Formula V Formula VI _ Formula Vil
0
. H Ph CN
33 — R
N PH
H , and .
(o] o]
Formula Vili Formula IX
10
wherein:
R® is OH;

R? is C;-Cis branched or straight chain alkyl, C(CH;).CeHs,
Hy
o W, OH © RO
GRS N
_H&‘m' CaH170 ,or R° N p2
o

R* is C;-Cys branched or straight chain alkyl, -C(CH3)CéHs, -(CHz)2-C(O)-O-
CsHi7, -CHz-CH2-C(0)-0-(C2H,0)s-H, -CH.CH2-O—C(0)-C(CH3)=CH., or
-C(CeHs)-CHa;

R® is H or CI;

15



15 with the carbon to which they are attached, forma cyclrl lﬂﬂjﬂuu“ ﬂu Hﬂﬁ
Rlerr] and Rlerr] independently nethyl; or Rerr] and Rierni# Al .

‘together with the carbon atomto which they are attached, forma
cycl ohexyl ring. ' -19-
9. A conposition of Caim 6 wherein the benzotriazole,

benzophenone, triazine, oxanilide, and cyanoacryl ate based UVA is sel ected
from

-20-

R* is OH, -OCy-Cioalkyl, -O-CH,CH=CH,, -O-(CH.):Si(OEt);, -OCH,COOH,
-O(CH3).0C(0)-CH=CH,, -OCH,CH,OH, or -O-CHz-CH(OH)-CH,0-CgHys;
R% is H, benzoyl, SO3H, or SO;Na;;
R* is H, SO3H, or SO3Na;
s R¥is H, OH, OCH;, or -C(CHj)s;
R®is H or OH;
R® is -C-Cyo alkyl, or -Cs-g branched or straight chain alkyl-O-C1-C;s straight
chain alkyl;
R* and R* independently represent a phenyl radical optionally substituted with

10 up to two C,-C, alkyl substituents;

R* and R® independently represent aryl groups substituted with at least one of
C+-C12 alkyl or C+-C, alkoxy group; and _

R* represents Cy-Cg straight chain alkyl group, C+-Cs branched alkyl group, or
C4-Cs¢ hydroxy alkyl group.

15 10. A composition of claim 9 wherein the UVA is 2(-2'-hydroxy aryl
benzotriazole), 2,4-diaryl-6-(2'-hydroxy aryl)-s-triazines, or 4,6-dibenzoyl
resorcinol.

11. A composition comprising:
(a) a polycarbonate;
20 (b) at least one of a piperazinone and piperazine dione
based HALS; .
(c) at least one of a benzotriazole, benzophenone,
triazine, oxanilide, and cyanoacrylate based UVA.
~ (d) an additive; and
25 (e) a blend stock.
12. A composition of Claim 11, wherein:



Lranthed or styal gt chain aikyl. &oBzoee s 1S G e”l ik llLIIlHIIIl [l
‘Rlerr] is err]-Clerr] branched or straight chain alkyl, -C(CH3)2

-(CH2)2-C(O -O Cerr]HL7, -CH2-CH2-C(O) - O(CZH40)[err] H,
-CH2CH2- O- C(O) - C( CH3) =CH2, or R23 is Hor d;

-20 - R24 is OH -OCl-(fJerr]al kyl, -O CH2CH=CH2,

-O(CH2)3Si (CEt)[err], -OCH2COOH, -Q(CH2) 20C( O - CH=CH2, - OCH2CH2OH, or
-OCHZ CH( OH) - CHZOC[err]H[err] Rlerr] is H benzoyl, SO3H, or SO3Na;

; R26 is H SOBH, or SBNa; 5 Rerr]-2ts H OH, OCH3, or -C(CH3)3;

(a) the polycarbonate comprises from about 10% to about 99.9% by
weight of the total composition; (b) the piperazinone and piperazine dione’
based HALS and the a benzotriazole, benzophenone, triazine, oxanilide, and
cyanoacrylate based UVA taken together, comprise from about 0.05% to about

5 10% by weight of the total composition; (c) additives comprise from about 0.01%
to about 25% by weight of the total composition; and (d) the blend stock
comprises from about 0% to about 89% by weight of the total composition.

13. A composition of Claim 12, wherein the weight ratio of the

. piperazinone and piperazine dione based HALS to the a benzotriazole,
10 benzophenone, triazine, oxanilide, and cyanoacrylate based UVA is from about -
5:95 to about 90:10.

14. A composition of Claim 13 wherein, the polycarbonate is BPA
polycarbonate. '

15. A composition of Claim 14 wherein the piperazinone and

15 piperazine dione based HALS is selected from:

Py

R
l 0 R‘ RS
" /A<
RS\L RZ—N N_(CH2)1 -5 N-—R?
R2 d & R  and
Formula | Formula |l . Formutla Il

i
Ll

20 Formula {V



R28 is H or OH Rlerr] is -Cerr]-Clerr] alkyl, or - err““lmimlluu H“l““'
straight chain alkyl-O-Cerr]-Clerr] straight chaln al kyl

‘and R{err] independently represent a phenyl radical optionally $ubStituted® *
with 10 up to two (err]-Cerr] alkyl substituents; Rlerr] and R err]

I ndependent|ly represent aryl groups substituted with at |east one of
Cerr]-Cerr] alkyl or (Jerr]-Cerr] al koxy group; and R err]

represents Clerr]-Clerr] straight chain alkyl group, C4-Cferr] branched

al kyl group, or Clerr]-Cerr] hydroxy al kyl group. 15 10. A
conposition of claim9 wherein the UVA is-2(-2'-hydroxy aryl

benzotri azole), 2,4-diaryl-6-(2"-hydroxy aryl)-s-triazines, or

4, 6- di benzoyl resor ci nol . 11. A conposition conpri sing:
(a) a pol ycarbonate; 20 (b) at | east one of a
pi perazi none ang, pi.perazi ne di one based HALS;

(c) at | east one of a benzotriazole, benzophenone,

triazine, oxaniRl dad Rfmfeaydepmrdeylha(h 2alkgdhydiregen, acyl, benzyl, Ci.12 haloalkyl,
(d) an additi

12. A conposi t&bﬁ a@fyvé%ﬁ' Alkenyl, uggubstitujed Cr.va aralkyl Sr carfoaiaxyd St ock:

- 21 - 5 RZ oﬁ,ﬁnam?msgqby,@aé,QQWQemormrl ses from about 10%to about
99. 9% by wei ght he total conposition eqthe pi perazi none and
pi per azi ne di on8" and R)jrdependentiyrapresent Qi-l!ﬁe’??ﬂ%' 'a?bﬁé' b &szepieiaadind, Ca-

triazine, oxani| Iaqil?e"@ffloqu subﬁ Gted r&’h?atllﬁjl :bgeRYa ﬁ‘tﬁﬁé‘ﬁ‘tékgﬁ%&ﬂher with

corrprlsefroma‘ﬁout toaout 10%’by wei ght of the total
conposi ti on; (ctheaualbon toawhich theyiase attachads fason a 0504 glacyclictingabout  25% by

wei ght of the tgsal cquqs) tih88perdfitd 9&, 5 NRaBA&NY ELCKKyl, Cous alkenyl, or
10 unsubstituted Cy.is aralkyl; or R® and R® when taken together with the carbon
atom to which they are attached, form a C5.4. alicyclic ring;

Il
R’ is Cy.20 alkyl, benzyl -A-C-O-RY ¢

13
-(CH,),,"{ gon
14

R™
R® is hydrogen;

15 R?and R" independently represent Ci.,s haloalkyl, Cy.1s alkyl, Cs.1s cycloalkyl, Co.
1s alkenyl, or unsubstituted Cr.1s aralkyl; or R® and R', when taken together with
the carbon to which they are attached, form a C..1s alacyclic ring;

R'" and R% are indepenéently Ci.1s haloalkyl, Cius alkyl, Cz1s alkenyl, or
unsubstituted Cr.1s araalkyl; or R'' and R'? when taken together with the carbon

20 atom to which they are attached, form a C5.s; alacyclic ring;

R' and R are independently Ci. alkyl, wherein at least one of said groups is
branched on the - carbon atom;

R'™ is Cy.20 alkyl;



conpri ses from about 0%to about 89% by weight of the.total '

13. A conposition of daim12, wherein the weight ratio of ”m“mﬂ" II“"III I”III
pi perazi none and pi perazi ne di one based HALS to the a benzotri afolk, M0% *
benzophenone, triazine, oxanilide, and cyanoacryl ate based UVA is from

about 5:95 to about 90:10. 14. A conposition of Caim 13
wherei n, the pol ycarbonate is BPA pol ycar bonat e. 15. A
conposition of Claim 14 wherein the piperazinone and 15 piperazine dione
based HALS is selected from [err]
22 - ' -23-
R is
| ° R’
N(C4.g cyclo alkyl) (CHp)4-pN NR18
R* R

R'is H or C.¢ alkyl;
A is a straight or branched chain (lower) alkylene having from 1 to 6 carbon
5 atoms optionally substituted with C-C; alkyl; and
n represents an integer from 1 to 4.
16. A composition of Claim 15 wherein the HALS is a piperazinone
represented by:

R o R
10 Formula Il Formula IV
wherein:
R®, R*, R®, and R® are each methyl;
R"is
6 oS
N(Cqg cyclo alkyl) (CHp)14-N  NR!'®
R* R ; and
15 _ R' is H or Cy. alkyl,.

17. A composition of claim 16 wherein the HALS is a piperazine dione
represented by



e, Eor b e o], ¢ | epependenely clertl) alilkﬂlﬂl]ﬂlml HEALL

‘unsubst i t ut ed Clerr] aralkyl, or carboal koxy; 5 Rerr] optidnadlly also®
represents oxygen; R[err] and Rlerr] independently represent C[err]
hal oal kyl, CJerr] alkyl, Cferr] cycloalkyl, Cerr] al kenyl , or
unsubstituted CJerr] aralkyl; or Rerr] and R err], when taken together

W th the carbon to which they are attached, forma ([err] alacyclic
ring; Rlerr] and R6 are independently Clerr] haloal kyl, Cerr] alkyl,
Cerr] alkenyl, or 10 wunsubstituted Cerf34-aral kyl; or R err] and R err]
when taken together with the carbon atomto which they are attached,
forma Cerr] alicyclic ring; [err] R8 is hydrogen; 15 Rferr]
and Rlerr] independently represent C[err] anaI kyl, Cferr] alkyl, Cerr]
cycl oal kyl, Cerr] al kenyl, or un$bsi t d (err] aralkyl; or RO and
Rl err], when taken together with tn carbon to which they are
attached, forma ([err] alacyclic ringt %err] and Rerr] are

i ndependently C[err] haloal kyl, Cferr] al ,Fﬁ{;[err] al kenyl , or
unsubstituted C[err] araal kyl; or Rerr] ¢ err] when taken t oget her
with the carbon 20 atomto which they are attached, forma Cerr]

al acyclic ring; Rlerr] and Rlerr] afermu@dpendent |y C[err] al kyl,
wherei n at Ieast one of said groups is branched on the [err] carbon
at om R VP& err] al kyl; '

R® and R" independently represent methyl; or R® and R, when taken together
s with the carbon to which they are attached, form a cyclohexyl ring; and
R" and R" independently methyl; or R"' and R', when taken together with the
carbon atom to which they are attached, form a cyclohexyl ring.
18. A composition of Claim 15 wherein the a benzotriazole,

benzophenone, triazine, oxanilide, and cyanoacrylate based UVA is selected

10 from
' HO 0
rR®  R® R® 0 OH - \”;Q/ gz
N
/N.
josSoReaotRe
R N 2 RY R""' ﬁ/ )
R /26 /25 R3¢
Formula V Formula Vi Formula ViI

e H ' Ph cN
R33 N — OR“
\N/L‘( \R:’2 Ph>_<"/
H , and
) (o) 8] :

Formula VI Formula IX

15



-st rzgi ;ght or RE)(:;:]Lhiaz chai n[ ?{gzmer) EI[E;Ianlashgv?:]gclg ?E)H 1a![ Qﬁl“UHWM|EIIﬂ|I |“|

‘at ons optionally substituted with Jerr]-Cerr] alkyl; and *n %eprefents
an integer froml to 4. 16. A conposition of G ai m 15 wherein the
HALS is a pi perazi none ' represented by: [err]
wher ei n: Rlerr], R4, Rerr], and R err] are each nethyl;
Rlerr] is [err] 15 Rlerr] is Hor Cerr] alkyl,. 17. A
conposition of claim 16 wherein the HALS is a piperazine dione
represented by -25.-

wherein:

R¥is OH;

R® is Cy-Cyis branched or straight chain alkyl, C(CHs)zCsHs,

H O

2 is C-Cys branched or straight chain alkyl, -C(CHs).CeHs, -(CHo).-C(O)-O-
CgHi7, -CH2-CH2-C(0)-0-(C.H0)s-H, -CH.CH2-O—C(O)-C(CH3)=CH,, or
-C(CeHs)z-CH;

RZisHorCl;
10 R* is OH, -OC-Ciaalkyl, -O-CH,CH=CH,, -O-(CH)sSi(OEt)s, -OCH.COOH,
-O(CH2)20C(0)-CH=CHa, -OCH,CH,OH, or -O-CH2-CH(OH)-CH0-CsH17;
R is H, benzoyl, SO3H, or SOsNa;;
% js H, SO3H, or SO:Na;
R? is H, OH, OCH3, or -C(CH3)s;
1s  R%®is Hor OH;
R? is -Cy-Cio alkyl, or -Cs-s branched or straight chain alkyl-O-Cio-Css straight
chain alkyl; | '
R® and R® independently represent a phenyl radical optionally substituted with
up to two C4-C, alkyl substituents;
20 R*® and R® independently represent aryl groups substituted with at least one of
C4-Cs alkyl or C4-Cs alkoxy group; and
R* represents Ci-Ca straight chain alkyl group, C«-Cs branched alkyl group, or
C,-C¢ hydroxy atkyl group.
19. A composition of Claim 18, wherein the additives comprise at least

25 one of colorants, stabilizers, impact modifiers, and processing aids.



wotnyl: or Rert] ahd REerr]. whén taken toge: her L-,“dsffadﬂMIIIJJH@!@IQHII!Il

‘whi ch they are attached, forma cycl ohexyl ring; and R[er*r] an err]

i ndependently nethyl; or Rl err] and Rl err], when taken together with the
carbon atomto which they are attached, forma cycl ohexyl ring. 18.
A conposition of Caim 15 wherein the a benzotriazol e, benzophenone,
triazine, oxanilide, and cyanoacryl ate based UVA is selected 10 from

-96-

20. A composition of Claim 19, wherein the blend stock comprises at

least one of aromatic polyesters, aliphatic polyesters, and styrenic polymers.



wher ei n: Rerr] is OH R[err] |s C[err] Cerr] branched or
stralght chain alkyl, C(CH3)2C6Herr], [err]

Rlerr] is CJerr]- C[err] branched or strai ght chaln al kyl, -C(CH3)2C6H err],
-(CH2)2-C(O -O Cerr]Herr], -CH2-CH2-C(O) - O(C2H[err]O)[err]-H,
-CH2CH2-O- C(O -C(CH err])=CH2, or -C(Cerr]Herr])2-CH3; R err]
is Hor d; 10 R24 is OH, -OCl-(err]al kyl, -O CH2CH=CH2,

-O(CH2)3Si (CEt)[err], -0OCH2COOH, -Q(CH2) 20C( O - CH=CH2, - OCH2CH2OH, or
-OCH2-CH(OH) -CH2O- C8H[ err ] ; Rlerr] is2A: benzoyl, SO3H, or SO3Na; ;
R26 is H SC8H, or SOB8Na; Rlerr] is H OH OCH3, or -C(CH3)[err]; 15

or strai ghi chaiRPRYGAREENAT: POVPGRIICNS LIS FINGERED AMNE LW

STABILIZERS AND ULTRAVIOLET LIGHT ABSORBERS
ABSTRACT

‘Weatherable polycarbonate compositions (formulations or blends)
comprise at least one of a piperazinone and piperazine dione based HALS, and
at least one of a benzotriazole, benzophenone, triazine, oxanilide, and
cyanoactrylate based UVA. The combination of these HALS and UVA exhibits a

10 synergy that results in enhanced protection of the polycarbonate compositions
by imparting photostability to the polycarbonate foﬁnulations. thereby reducing

yellowing or other forms of light induced degradation.

Figure 1



chai n al kyl ; . Rerr] and R[errf fhdebéndently represent a phenyl

radi cal optionally substituted with - ~up to two CJerr]-C4 al kyl
‘substituents; 20 Rlerr] and Rl err] independently represent aryl groups
substituted with at | east one of Cerr]-Cerr] alkyl or (Jerr]-Cerr]
al koxy group; and Rlerr] represents (Jerr]-C8 straight chain al kyl
group, C4-Cerr] branched al kyl group, or Cerr]-C6 hydroxy al kyl
group. 19. A conposition of Claim 18, wherein the additives
conprise at least 25 one of colorants, stabilizers, inpact nodifiers, and
processi ng aids. 26 -

20. A conposition of Caim 19, wherein tRhg blend stock conprises at |east
one of aromatic polyesters, aliphatic polyesters, and styrenic pol yners.
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] CYASORB 5411/GR3034
« 1. 1% TOTAL LOADING IN 18um PC FILM
B/B XENON ARC
1.1 RELATIVE EXPOSURE TO YI=3
1 o ¥ 4 1 1 ' & 1 | ] 1 l il 4 1 & ' 1] 2 [l I
0.00 0.25 0.50 0.75 1.00

FRACTION OF UVA



