POLYCARBONATE COVPOSI TI ONS COVPRI SI NG HI NDERED AM NE

< ‘LI GHT STABI LI ZERS AND POLYETHERS FIELD OF I NVENTION 5

The instant invention relates to weat herable conpositions (bl MR dnd - 2
formul ati ons) conprising pol ycarbonate, hindered am ne |ight ‘st abiln}ggr S,
and pol yet hers. 10 BACKGROUND OF THE | NVENTI ON

Formul ati ons and bl ends conpri sing pol ycarbonates are known to cfﬁefgy)r ade
upon prol onged exgosure to sunlight or other forms of |ight. One of

the effects obser ?84YCARBONAREAOMPQSITIQGNS CQMBBIENG HINDEREBAMING i on.
15 This problem has been al,gyj i bsorbers or |ight
bl ockers in the polycar bonat'é@ﬁﬁ%ggsh}%%ggu rap\g"(\)(ll et I:lasg;ht absoef bers
(UVA) are known to be used in polycarbonate formul ati ons to protect

t hese for ' r radati on due to exposure to different forns
of light. mE@Eb%lﬂ‘é@Wered Am ne Light Stabilizers (HALS) to
stabilize polsyolefins 20 has been known. Commercially used HALS have been

based mainly on 2,2,6,6-tetranet hyl &l peridine, except for those based
on pi perazi nones. U. he instantrigvemionNiglates to weatberableicompasitionsqblends £#8d, 092;

and 5; 01l 281 dirafFhfiafons) compASTg HolddbdWaRE AL Emb S ity Bleiizeld and

4,208, 522 di scl geiyethere. pi perazi ne 25 dione based HALS. The use
of HALS in pol ycarbonates is not very common. The stabilizing effect
of HALS on pol ycarbonate fornul ati ons/ bl ends has been descri bed as
"mnor", seelof orBAGKEROLUND QFHTHE INNVENIIGNChuk, in Pol yner Durability;

R L. Clough et al., ACS Advances in Chem stry 249, 1995, pp 303- 30 317.
The use of UVA in polycarbonate formul ati ons has provided a way to

retard the rate of degrmadations apti BRhMS ddRIRINGS palgcAbbRatelt aef kexwoure to
degrade upon prolonged exposure to sunlight or other forms of light. One of
the effects observed is yellowing of the polycarbonate blend/formuiation.
15 This 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
formutations 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 United States Patent
Numbers 3,919,234, 3,920,659 and 4,208,522 disclose some piperazine

25 dione 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 “minor”, see for example Thompson and Klemchuk, in Polymer
Durability; R. L. Clough et al., ACS Advances in Chemistry 249, 1995, pp 303-

30 317. The use of UVA in polycarbonate formuiations has provided a way to
retard the rate of degradation of polycarbonates as a result of exposure to



- 2 - light. This method however does not -offer a conpl ete protection
:of pol ycarbonate fornul ations fromlight induced degradation or

di scol orati on. There is thus a continued need for a nethod or
formulation that will help protect polycarbonate based .

formul ati ons/ bl ends from degradation or 5 -discoloration due to exposure
to light. It has been surprisingly found that use of the

pi perazi none and piperazine di one based HALS, and a pol yether based
pol ymer in plighic ar Wi dnathednpewrvenhioes erdli Bifers aa commdetg protectidnt et

In protecting the Lot f Laht | ngduced ..
deglroadat I on. gThi Spglej/%aerpgf?.{st??gﬁ@gﬂﬁ‘%rﬁ g@'ﬁp ?ﬁgrlgg@%g g%%ﬁg?’ogt gﬁﬁq%ﬁrﬁ"%
pol ycar bonat e conpbaeriet isdhygs taheomtinued needs Fava mgethd@ayébdrmﬂa\( O'A':@Tgﬁlgil‘f\lli\l}Ehell N
degr adati on of po] .baonat e, conposi ti gns. . \

5 The | neIR PROGAERERR” Banef domuationsBIeE: dfom c.ovgracktig o5
pol ycar bgnate,?at diﬁe@sigtiamgu@iol e;qw'sneéi fzlightne ;;nd a ]E)I Pﬁraz! ne di ?Rgngazﬁg
HALS, and a pol yet her se ol ymer. .Incoyporation o e pi peraz

pi per azi ne di one bas_ed? ﬁlﬂﬁsbg%fhd;%' Yy{QBH‘érthﬁ'aé'éG potherenipeiazinese and
pol ycarbonat e conpigsidzing disHe®! baddd0! MALSS PhRY Sa 2 palyBfied! BhbSd Chbfter' h 20
protecting the pol ycarbonates fromthe undesired degradation or .

di scol orati on PRlyrarpenats wesnositions| ieghibits teh synsigistic effect lr]g pﬂdf cirg iﬂhéte
ol ycar bonat e | i d o L o] | nst an
anent I on provi de%& qo‘?‘r{pagésie?'?gﬁsmons grgrr?p¥qH§i'ng, ?g}eagﬂggf’?-cg&oﬁme&gisﬁ%)
at |east one &F aeftﬂcpenmasamG’\aamﬂlomtamiltpemfapomrmm_e* d:msmlsiﬁdﬁdss',tflre(ré%y a

pol yet her based pé?!:%fﬂ‘aﬁhe &Qouﬁ“g Lﬁ@ﬁggrgﬁgtion of p%?y%la%o\r/\gte gg]rgpcgsen)lonas.b en

st ock.

SUMMARY OF THE INVENTION

IS The instant invention provides a composition comprising a
polycarbonate, at least one of a piperazinone and a piperazine dione based
HALS, and a polyether based polymer. Incorporation of the piperazinone.and
piperazine dione based HALS, and the polyether based polymer in the
polycarbonate composition surprisingly displays a synergistic effect in

- 20 protecting the polycarbonates from the undesired degradation-or.-discoloration
due to exposure to light, thereby rendering weatherable polycarbonate
compositions.

A second aspect of the instant invention provides a composition
comprising, (a) a polycarbonate; (b) at least one of a piperazinone and

25  piperazine dione based HALS; (c) a polyether based polymer; (d) at least one
additive; and (e) a blend stock.



-37 BRI EF DESCRI PTI ON OF .DRAW NGS Figure 1 pl.ots

: ‘exposures required to attain a Yl of 3.0 for cast filns cont ai ni ng
various ratios of poly(ethylene glycol) (PEG (MW 3400) and HALS (GR 5
3034) at a total l|oading of 2.5 weight % by weight of the total

conposi tion. DETAI LED DESCRI PTI ON3OF THE | NVENTI ON

A preferred enbodi nent of the invention provides a conposition 10 wherein,
(a) the polycarbonate conprises from about 90%to about 99.49% by

wei ght of theBfYERID JiIONSAF ORAWHENGBeast one of a pi perazi none and

pi perazi ne di one based HALS conprises from about 0.01%to about 2% by

wei ght of the total; osj4d on., ( o] D | yer .
conprises from aboh{gﬁﬂyﬂo&é a%&??ng%é%%uﬁegv@i é%{},ggf %Ihgé'(t%cd)q Qgr fgs{ films
conposi ti on. containing variclsfrati¢shei ply(efratenedglyot) (BEG} MW Ba00esd HALS (GR
conposi tion in the . pi per azi ngne, and pi perazine, di one based HALS
conpri ses f rg%é%o%}ta '@t.ad)@%d'r% gft%g Hﬁ’ﬂﬁ(}? /‘1% W%ﬂgpg‘ﬁ? ‘%tf" ¢eBPRte-
conposition; and the pol yether based pol ymer conprises fromabout 1%to
about 5% by wei ght of the total 20 osition. Another preferred

embodi nent ~ pr BETALER WBW@U@W@%& NVENTIOMe pi perazi ne di one and

pi per azi none based HALS conprises from about 0.1% to about 0.5% by
wei ght of the total conposition; the polyether based polymer conprises
from about 2% to about Apseigrregegthodsment ol theoinugntion previdemaicompositiand BPA

R R L L
i nvention is: by weight of the total composition; (b) at least one of a piperazinone and
piperazine dione based HALS comprises from about 0.01% to about 2% by
weight of the total composition; and (c) the polyether based polymer
comprises from about 0.5% to about 9.99% by weight of the total
15 composition.
A further preferred embodiment provides a compositien -wherein the
piperazinone and piperazine dione based HALS comprises from about 0.05%
to about 1% by weight of the total composition; and the polyether _based'
polymer comprises from about 1% to about 5% by weight .of -the -total
20 composition. Another preferred embodiment provides a composition wherein
the ‘piperazine dione and piperazinone based HALS comprises from about
0.1% to about 0.5% by weight of the total composition; the polyether based
polymer comprises from about 2% to about 5% by weight of the total
composition; and BPA polycarbonate being the preferred polycarbonate.
25 The piperazinone and piperazine dione based HALS used in the

compositions of the present invention is:



-4- ’ [err].

sWher ei n: Rlerr] and R err] are independently Cerr]alkyl,

hydr ogen, acyl, benzyl, Cerr] 10 haloalkyl, Cerr] alkyl, C[err] alkenyl,
unsubstituted C[err] aral kyl, or carboal koxy; Rl err]
optionally al so represents oxygen,; -4- Rlerr] and R err]

I ndependently represent Cerr] haloal kyl, Cerr] alkyl, (err]

cycloal kyl, Cerr] al kenyl, or unsubstituted Clerr] ar al kyl; or R err] and
Rlerr], when t ake ‘together vvrth7the carbon to which they are

attached, forma C[err 150 al i cycli ¢ r| O R[err]R‘an:d Rl err]

are independently aI oaI Ky aI k?’ err] al kenyl
unsubstituted er raI ] Cgas og her W th
r

t he carbon i ch t he attach : ] | cycl iC
ring; R | R0 err]
R

or

Formula | Formula ll Formula il

Formula IV

wherein:
R' and R? are independently Ci.24 alkyl, hydrogen, acyl, benzyl, Ci.12
10 haloalkyl, C1.12 alkyl, Cz.14 alkenyl, unsubstituted C;.14 aralkyl, or carboalkoxy;

R? optionally also represents oxygen;

R® and R* independently represent Ci.ig haloalkyl, Ci.1s alkyl, Cs1s
cycloalkyl, C..1s atkenyl, or unsubstituted Cy.1g aralkyl; or R® and R*, when
taken together with the carbon to which they are attached, form a Cs.i2

15 alicyclic ring;

R® and R® are independently Cy.1g haloalkyl, Cy.1g alkyl, Ca.1g alkenyl, or

unsubstituted Cs.4g aralkyl; or R® and R® when taken together with the carbon

atom to which they are attached, form a Cs.12 alicyclic ring;

||
R’ is Cy.20 alkyl, benzyl, -A-C-O-R” or



Rlerr] is (Jerr]al kyl, benzyl,. -A~-CGCORerr], or

ferr] . Rl err] is hydrogen, or (err]alkyl;

Rlerr] and R err] independently represent C[err] haloal kyl, C[err] alkyl,
derr] cycloal kyl, Cerr] al kenyl, or unsubstituted C[err] aral kyl ; or
Rlerr] and Rlerr], when 5 taken together \gtth t he carbon to which they
are attached, forma (err] alicyclic ring; Rl err] and
Rlerr] are independently Clerr] haloal kyl, Cerr] alkyl, Cerr] al kenyl,
or unsubstituted CJerr] aralkyl; or Rerr] and R ert] when taken together

with the carbon atomto which they are att ed, forma (err]
alicyclic ring; 10 Rlerr] and Rjcay; tglependent | y

Cerr]al kyl, wherein at |east one of said =~ (r ups is branched on the
[err] carbon atom Rlerr] is Cerr]al & ;; Rlerr]
IS 8 . [err]

15 Rierr] i & i$ bydreges of Qrafivt Ais a straight or

branched chain (| ower R*addey R¢hmde mm:wr@mekemocﬁ,a haloalk@! AN, %tté}rfﬁcs 8
optionally substituted with err]-Cerr] dy
represents an i nC¥geRIkyly Gane alkgnyl, or unsubstltute C?-Fﬁr%!ﬁWr cer BO PR wh§ﬂar e

those whereinst headdil Ridether with the carbon to which they are attached, form a Cs.yg
alicyclic ring;

R' and R' are independently Cy.1g haloalkyl, Cs.1¢ alkyl, Co.1s alkenyl,
or unsubstituted Cr.1g aralkyl; or R'' and R' when taken together with the
carbon atom to which they are attached, form a Cs.y» alicyclic ring;

10 R' and R" are independently C,.5 alkyl, wherein at least one of said
groups is branched on the « carbon atom;
% is Cy.z0 alkyl;

R is

§ RS

N(Cq.i; cycloalkyl) (CH,), 6 -N  NR'™®

R R’
15 R' is H or Cy.4 alkyl;
A is a straight or branched chain (lower) alkylene having from 1 to 6
carbon atoms optionally substituted with C4-C¢ alky!; and
n represents an integer from 1 to 4.

Preferred compositions are those wherein the HALS is:



[érr] ' wher ei n: Rerr], Rerr], Rerr], and

: Rerr] are each nethyl. - Anot her preferred conposition is one
wherein the HALS is a pi perazine di one represented by .
[err] 10 wherein: R err] and R err] independently
represent nmethyl; or Rerr] and R err], when taken together with the
carbon to which they are attached, forméa cycl ohexyl ring; and

Rlerr] and R err] independently nmethyl; or R err] and R err] when taken
together 15 wth the c&;bon atomto which they are attached, forma

cycl ohexyl ring. 5 Phe pol yet herBb d polynmer used RH the present
I nvention is r egdt d by For mul >
AR2—N N— (CHa)1-s—N N—R o NI Ny
R‘>TR:/ o>_ns7<n‘ R"/|\N)\R"
Formula il Formula IV
wherein:
5 R? R* R® and R® are each methyl.

Another preferred composition is one wherein the HALS is a piperazine .

dione represented by

Formula Il
10 wherein:

R® and R'® independently represent methyl; or R® and R'®, when taken
together with the carbon to which they are attached, form a cyciohexyt ring;
and

R'' and R" independently methyi; or R'' and R'?, when taken together

1s  with the carbon atom to which they are attached, form a cyclohexyl ring.

The polyether based polymer used in the present invention is

represented by Formuia V:

R”-o-kCHg—n—o}-;a“

20 Formula V

wherein:



'[err] wher ei n: B _ -

T - Rlerr] and R err] independently represent H Cerr] alkyl
or C[err] aral kyl, Clerr} aryl, or-C(OR[err]; Rl err]
represents Cerr] aI kyl or aralkyl, or (Jerr]aryl; n represents
an integer fromabout 2 to about 6; and 57- m represents an integer
fromabout 1 to about 10 000. In one of its enbodinents is
provi ded a conpositi wher i, car at r| ses from
about 10%to about 9‘8{b Eﬂ 'Qﬁﬁpéﬁ%j B‘PV rteﬁéesenPH ébtﬁa"’ﬁkﬂ&ﬁ%@s eyl Gasp t he
pi perazi none or rl9| ReLG )rm?? d| one based HALS conpri ses from about 0.01%

to about 2% by weight, of t he total corrp05|t|on 10 (c) t he pol yet her based
pol ymer conpri ses fri3mrapiesents Gioe alkybasielkgloos Bgro aryl * wei ght of the tot al

conmposi tion; (d) thq,] ééén‘(seénﬁ'n? rg@&%ﬁ@ﬂ}ﬁ&g@% doa]r} D to about 25%

by wei ght of the total "conpositio conpri ses
from about % to abautrep@¥etiy ammtgger fodmtaiout btcaabmmnﬁmﬂ)t i on. The

preferred pol ycarbonate is cat bonat e. o used
i nstant i nvention ar‘ ocf"ﬂfc%f' oﬁ'&ggd'éﬁfr‘ésr %s‘g§v'ﬁﬁﬁ}?' (iﬂnéposmon ‘@rt‘?rﬁlﬂ‘ utaaltﬁ%nl ts
repr esent ed by ﬁdl?cérbbmtb&ompnses from about 10% to about 99.48% lt;y weight of the
[-OAerr]-0( g or a Vvl
wherein Al er r] totalcampegitian  4blotha P@%%wae{%ﬁ‘%ﬁwn%ﬁ?ﬁﬁ%l@ﬁ err]
Lag] Cg' ?3 5 d t h&?&s@&ﬂ%hﬁ@@ﬂ PLoPRsIE 1280 By wbight -dp it &5l position;
: [ [ rre
(c) the polyether based polymer comprises from about 0.5% to about 0% by -
weight of the total composition; (d) the additives comprise from about 0.01%
to about 25% by weight of the total composition; and (e) the blend stock
comprises from about 0% to about 89% by weight of the total composition.
The preferred polycarbonate is BPA polycarbonate.
15 As used in the instant invention a polycarbonate comprises multiple

structural units represented by the formula

[-0-A1-0-C(0)-]
Formula Vi
20 wherein Al is a divalent aromatic hydrocarbon radical. Suitable A1 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 hydrocarbons

disclosed by name or formula (generic or specific) in U.S. Patent 4,217,438.

25 The A1 radical preferably has the formula

-A2-Y-A3.
Formuia VI

wherein each of A2 and AS is a monocyclic divalent aromatic hydrocarbon
30 radical and Y is a bridging hydrocarbon radical in which one or two atoms



. phenyl ene, 2, 2-bi s(4-phenyl ene) propane and sinilar radicals such as those
swhi ch correspond to the dihydroxy-substituted aromati ¢ hydrocarbons

di scl osed by name or forrmula (generic or specific) in U S. Patent
4,217,438. 25 The Alerr] radical preferably has the fornula
-Alerr]-Y-Alerr]- -8- Formula VI|
wherein each of Alerr] and Alerr] is a nonocyclic divalent aromatic

hydr ocarbon 30 radi cal and Y is a bridging hydrocarbon radical in which
one or two atonsseparate A2 from AS. Tapdreat\aldioeridndsrinrfodnera Vi afdeishislgein
val ence bonds in Forrmula VIl are usually in the neta or para
positions of A eth§ mehrioppaiarpositions of é?laoﬁ A%inyelatipfrta¥in Gompounids d@hwhich

Al h F I I h , f h k f b ty the term
b sphenot® ts séelpheiotula VCAE: HebbSts: G119 theasdie PRy sHeser Lt ed
5 aromatic hydr Gﬁ%m is| SonfetinesluR HEYERT o @Eign IO IR Bl drbfé?-tsubsmuted

non- bi sphenol onmpounds of this tﬁfe may al so be enplo ed
appropriate. 5 ar omatlc hydrpgarpensi il shoyid be PﬁéefA{O@ﬂr ]"Oﬂﬁvﬂf A{flétr ntpn-b@phe@ol may

be unsubstitut ed }‘3 8 th m ﬂo%@é#ﬁﬁﬂ)yé&% b ‘ﬁgt derivatives
29 s ek

t her eof |Ilustrat|ve su one or g al kyl and

al kenyl . Unsubsti t ut ﬁdFemﬁwlwnw ABiapglAs %I@eslﬂl yﬂfe&frﬁ%@b@tﬂute@%ﬂénﬂeﬁér]
and Alerr] are preferably p- p henyl ene, . al t hough ba 0-

m phenyl ene or oRE Mdrosarhwp%ﬁmu&qsiedqmaﬂ\t%éhemér'"lﬁi@mwﬁwems(one -or
The bridging radigab) doind SaRACahE. WREAJL ONGndlbsiteck HEhyiehé CIEfG are

one, separate A[err] fromAlerr]. Illustrative radical's o IS type are-
methyl ene, 10 pyafeabexBotmalayderiare préfefabiPp %ebyleuglatﬂhﬁogw bowthyy bae,

ethylene, 15 isopropylidene neo ent | i dene | i dene
cycl opent adecy! i §eREM-Phenylgiegr - B’é"r@]‘%ﬂ%a’ﬁﬁ'gﬁé’\\{n lene.
gemal kyl ene (al kyl i dgRe)bri mgCt%Hﬁ:al Y, is ®h€ i wHie 6ﬁé|orﬂv§%tdrﬂ§|bk%ﬁ9ably

however, are unsaturated radicals. For reasons of availability and
parti cul ar sui t abne] sgpdrate Aﬁefrqmrlﬁbsélkxso'atnlmra;i:cals/ehmlsnypa A methylene,
cyclohexyi-methylene, 2-[2.2.1]}-bicycioheptylmethyiene, " ethylene,

15 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 2,2-bis(4-hydroxyphenyl)propane (“BPA”), in which Y is

20 isobropylidene 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. 4,125,672; 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

25 piperazinone and piperazine dione based HALS, and a polyether based
polymer. It should be noted that one or a mixture of more than one
piperazinone and piperazine dione based HALS can be used as part of the
instantly claimed compositions. The piperazinone and piperazine dione based
HALS are generally represented by Formula |, Formuia I, Formula Ill, or

30 Formula IV while the polyether based polymer is represented by Formula V.



pr§eferred bi sphenol is 2, 2-bi S(4-hydroxyphenyl)propane ("BPA"), in which Y
. 1s 20 isopropylidene and Alerr] and Alerr] are each p-phenylene. A

detail ed 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 I ncor por atged herein by reference.

The conpositions of the instant invention conprise at |east one of a 25
pi perazi none and pi perazi ne dione based HALS, and a pol yet her based
pol yner. It shouAldobesneseddhereat, asiugives raayrindudee soéh materislbaas oolerants,

ot ant 1y ol ai neti BT 800an Lenal SBBa s, TSR sVaRfe PR metlire based
HALS are gener aldxferdups eanigtatio a@bnEOémmebsst@ém| Rndwn td-6héekifled inltheor 30
Formula 1V while the poI éet her based %ggesll S represented by Formula V.

Al'so, as used hedbi dheggitierent additiygs ‘f‘ﬁEP Degrraiated inathe epmpasitionafs,
whi teni ng aggnt %heﬁﬁﬁémhveﬁ{tﬁh'éé ZBfmmont ﬁ?éd Qﬁ@ﬁﬁé\ﬁﬁitpbﬁe skaﬂ@@ﬁ# theknovvn ‘o

m)dlflers ext enders antistatic aen S. processi ng al
one skilled in tlikstrative descriptivhe ofl sedheadditivesdray be deundint RcGachter and H.

used and known (4056 PERERS ABftef) " dub 1685 iR b WEbLRRE REREPRIN' ¥,
,Sb\gglht ?sglst [ Z[ezrir]a;eergﬁe: glrjlnd in R Gacht elr rlgnd H. " Mul I er; Plastics
ref er ence. Als %%Sd‘seaé" E‘fé'ﬂisq?'ﬁ IRYRD ’Pﬁ’%ﬁl‘f’ ﬁ?&aﬁ?%ﬂ?xk ssediP ase

bl end stock idos whedrib® dfke areawre bﬁg@ﬂ%m}f répfesehtedr @i arinsatice poResitsd - by
aromati c pol yes

t d st |
Bl o bi bl oraipBaliRalvesteisn ARl SYORGAYSSs BrAMIHE eI pReknaLEe
pol y(ethyl ene t qioRbladieRd, eAinthaRb! ddhRethyiene mﬁﬁtﬁhaaﬁe)st@éwmme-

copol yner (ABS), a/rene acrylonitrile copol yier
styrene- acryl onitutadignerstyeng sopolypero(ABSk SSWFGO%SPQ)Y’OM"'%IOPO'WB@I {8ANK- 15

cycl ohexanedi net - nedi ate CCD) (1 4.
B PRl MEaTAL DE 1%@% -atnforitifd-20aRnedicopopmerd at eAdAiCCD) and.  poly(1,4
15 cyclohexanedimethanol-1,4cyciohexanedicarboxylate) (PCCD).

EXPERIMENTAL DETAILS

Mixtures of HALS and polyether based polymers impart a synergistic

20 effect when used in combination. Thus, rather than using a fixed amount ‘¢f

HALS or polyether based polymers alone in a formulation, it is advantageous

to use a mixture of HALS and polyether based polymers. This effect will

genérally be independent of the structure of the HALS and independent of the

structure of the polyether based polymers. The piperazinone class of HALS,

35 typified by Goodrite® 3034 (GR3034) and Goodrite® 3150, are illustrative
examples of an effective class of HALS.



M xtures of HALS and pol yet her based polyners inpart a synergistic 20 i
ef fect. when used in conbination. Thus, rather than using a fixed anount of
HALS or pol yet her based polynmers alone in a forrmulation, it is advantageous
to use a mxture of HALS and pol yet her based polyners. This effect wll
general |y be independent of the structure of;sthe HALS and i ndependent of

t he structure of the polyether based polyners. The pi perazi none cl ass
of HALS, 25 typified by Goodrite 3034 (GR3034) and Goodrite 3150, are
illustrative ex rrplgs of an effective class of HALS.

-10- [err] yel | owness i ndex, RASTM 25, of e
sanpl es was measure fteﬁ ac grat ed weat hering_ usi n@e’ or% of
the foll ow ng tecﬁﬁinuesN&/ der ndition A andNCordition B,/—N 5 NH
Condi tion A: Sanpl es e expos%d?gn an Atlas G 35glxe;£\n Ry & Weat m
oneter equi pped Cl i nner andpSodal i me outer filRersN ThHe |ight cgcl S
165 mnutes long at an i di ance of 0.77 Wnferr] at 340 ngxsfdhack panel
tenperature 85[err]C, dr b tenperature 65/ err]C, and wet %ul b
depression 35[err]C. There was a 15 mnute dark cycle with water spray

during the last 10 mnutes. 10 Exposure is neasured in total kilojoules
(kJ) of irradiance at #40\hiBwness index, ASTM D-1925, of the samples was measured

after accelerated weathering using one or both of the folfowing techniques
under Condition A and Condition B:

5 Condition A: Samples were exposed in an Atlas Ci35a xenon arc weather-
ometer equipped CIRA inner and sodalime outer fillers. The light cycle was
165 minutes long at an irradiance of 0.77 W/m? at 340 nm, black panel
temperature 85°C, dry bulb temperature 65°C, and wet bulb depression 35°C.
There was a 15 minute dark cycle with water spray duringthe last 10 mindites.
10 Exposure is measured in total kilojoules (kJ) of irradiance at 340 nm.

Condition B: Samples were exposed in an Atlas Ci35a xenon arc weather-
ometer equipped with type S borosilicate inner and outer. fillers. The Jight
cycle was 160 minutes long at an irradiance of 0.77 W/m? at 340 nm, black
15 panel temperature 75°C, dry bulb temperature 45°C, and wet bulb depression

10°C. There was a 20 minute dark cycle with water spray during the last 15

minutes. Exposure was measured in total kilojoules (kJ) of irradiance at 340

nm.

20 Example 1

BPA polycarbonate films, approximately 18 microns thick, were cast
from methylene chioride by drawing 20% solids solutions on a glass plate
using a 6 mil doctor blade. The total loading of polyethylene glyco! (PEG) and



Condition B: Sanples were exposed in an Atlas Ci 35a xenon arc weat her-
-onmeter equipped with type S borosilicate inner and outer fillers.

cycle was 160 minutes long at an irradiance of 0.77 Wnierr] at 340 nm
tenperature 75[err]C, dry bulb tenperature 45[err]C, and

bl ack 15 panel o
10[err] C. Thef®t-was a 20 minute dark cycle with =7

wet bul b depression

The |ight

wat er spray during the last 15 m nut es. Exposure was neasured in total

ki | oj oul es (kﬂ)\LQf\?,éﬁr nRANEHES arlo. é”f"%s s %vmnin TaBR 1 ﬁ[(él@l_a ehlr;lrs were

BPA pol ycar bonat e

ms, approxi mat m crons th|

met hyl ene chl exrioged iy acreaan ridc E@W@W%ﬁr wsied CPRFHONA. angil WQStp'Bat e

and

was mal nt al ned % as shown | n

from

using a 6 m ! 4arteto A% ydiBtnb& Pliek 874! AGRhoPH ¥PLIUbEP) Yy ol (PEG)

These fil s wefrawn in Tab&%oﬁweﬁwtsaﬁsmda@ Eignesni Bavothet eambinatiens condi ti on
A The expgsu&eg LS and PAY |B€r@a§é3tﬂeeé§$as@re}’?édtﬂ’éﬂ‘i‘§%eédi\d?&eﬁﬁwn%séa change

in Yl of

ar e

he results “as graphed in

Figure 1 showngpaef ofrimarethan would be expected by arsioplenaddiive ffeple exposure,
required to rﬁ%ﬁnﬁo%érﬁ%ﬁ§arefrelatwé tﬂ%?a)ﬁngfabﬁizecmfﬁmh more than would be

expected by a si

relative to an unstabilized film

10

15

Table 1. Formulations for cast films.

e additive ef he 1 nprovenent factors are

Sample # Parts of PEG mol wi. 3400 Wi fraction PEG Parts of GR 3034 HALS
! 0 - 0
2 0 0 25
3 20 08 0s
4 225 0.9 Q.25
5 2.50 1.0 0

Table 2. Weathering results for the films in Table 1.

Exposure condition A Exposure condition B
Sample # Exposure to Yi=3 Improvement factor Exposure to YI=3 Improvement
(k¥fm’) (kJ/m’) factor

1 800 N 1340 1)

2 1120 1.40 1860 1.39
3 135 1.42 2040 1.52
4 1065 . L33 1990 1.49
S 945 1.18 1505 1.12

The straight line (1), in Figure 1, represents the expected or calculated
weathering effect, of using a combination of PEG and HALS, .on
polycarbonate compositions, assuming an additive effect of PEG and HALS.
Lines (2) and (3), in Figure 1, represent the observed weathering effect of
using a combination of HALS and PEG. As can be seen, both lines (2) and
(3) indicate a better than the calculated effect by increasing the weatherability
of the polycarbonate compositions. This result confirns that using a
combination of PEG and HALS exhibits a synergistic effect on increasing the
weatherability of polycarbonate compositions.



Table 1. Fornulations for cast filnms. 10 Sanpl e # Parts of PEG nol

.wt. 3400 W fraction PEG Parts of GR 3034 HALS 1

0 0 2 0
0 2.5 3 2.0 -

0.8 0.5 4 -12- 2.25

0.9 0. 25 5 2.50

1.0 Tabl e 2. Wat heri ng
results for the Eﬁﬂﬂﬁ% Table |. Exposur e
condition A Exposure condition B Sanpl e #

Exposure to Yl =3 | nprovenent factor Exposure to Yl =3 | npr ovenent
(kd/nferr]) Formulations listed i {ablg @rwere dry blended.f then gompounded

1 u%ﬁg ten barrel Wemer-Pil@ rer 30 mm co-rota}lﬁég in screw extruder( 1)

2 ¢ o} if 1.39
3 s ThéPelietized formulations erré&Sried ovemight in a GZEG(bven then injsctiod.. 52
4 1065 1. 90 1.49
5 moddes on a Nissei 160 tonlmpg:hng press into stanngg51/8 thick plaques. 1. 12
15 The re 1, represents the expected or
cal cul at ed %gﬁﬁqlaﬁldngﬁé i@ted ifr%tglglr?g a conbl nati on of PEG and HALS,
on pol ycar bonat e conposi ti ons assum ng an additive effect of PEG and

HALS. Li d , t th b
weat heri ng ef:‘ggts E)%Lb'ar}’ F&%’%“H&"Ogsgtf 5{17 #qpﬁd%iiﬁgﬁarﬁﬂg % erf&§mc°£n be
seen, both lifes (2) and 20 (3) indi c%‘h‘éc B+ er than the cal culated -

ef f ect by mch ef& ¥ —of—th benat e
conposi tions. '26 W;%%L:’;idgm | F lgtg?llaf UT%OI:TIQ a FEGJ&X,E‘? Fmation of PEG
and HALS exhibits a synergi;stic effect on increasing the

weat herabi lity of ol ycarlapate conpositions. 2
- 12 - 9 0.15 2 3
10 0.15 03 2 0
i 0.15 0.3 2 I
12 0.15 03 2 2
13 0.15 0.3 2 3

Irgaphos 168 is a processing aid and has no effect on the weathering properties.
TiO, is the pigment which can effect light absorption.

15 PEG (MW 3400} is the polyethylene glycol having a molecular weight of 3400.
GR3150 is a HALS of the piperazinone class.

The above samples were tested under weathering Condition B, and
the results are presented in Table 4. This table gives the exposure to light
20 required for the change in yellowness index (Y1) of 5.

Table 4. Weathering results for Example 2 under weathering condition B

Sample Exposure to Improvemeat factor

AYl=S .

(k¥/m*) calc. for linear found
6 410 - (H
7 495 - 1.21
8 565 - 1.38
9 640 - 1.56
10 450 - 1.10
1t 530 131 1.29
12 665 148 1.62
i3 820 1.66 2.00




Ex‘ar_rpl e 2 Formul ations listed in Table 3 were dry bl ended,
. then .conpounded using a ten barrel Wener-Pfliederer 30 nm co-rotating
twin screw extruder. 5 The pelletized fornulati ons were dried overni ght

" mol ded on a Nissei 160_ton nol di ng
press into standard 1/8" thick plaques. -13- The formul ations are |isted
I n Tabl e 3. Table 3. Formul ations for Exanple 2. Al additives

are in weight perceng,
S%rgple , Wthh contfgxg T'02(§3 ;g»fSBIQment rec*uraser H

pol ycar bonat e.
PEG (MW 3400) exposure c8 410 KJ/im? to reaqtsa aYlof 5. Samples 7-9 contain PEG along
0 7

in a 60[err]C oven then injection

0. 15 with the ﬁOz E’lgmfnt As is seen, these simples ?equxre @ro!onged e)<pos(5:re1 5
2 taglight (higher KIfn® numbers) t@shdv a change in Y0 085. Samples 11213

0 11
12 0" 15whlch co%pq'lg’% bgth PEG aer ?ié\LS show bet%r rescstﬁnce to light “1%\
0.15 Ocdculated for the PEG-HALS combinat®pn assuming an adiitigampéftest 168 is a

processing ai d gnd.bRpetOafi QRE.? . Fhub Qsmﬁftégggeﬁd% M BQ@éélél'eﬁdlcate a

TiO2 is the pignent which can effect sorption
3400) is the poslg@fmkmommoveﬁmWu@tmeﬁmrmgvmeght of 3400.

GR31 50 is a HALS off &%ﬁélﬂo’tﬁﬁé 3zl %m%le@%innerem the PEG's us used' Ry RlRYE sanpl es

were tested under weathering Oon Ition results~are

PEG ( MV

present ed i o Tampolecdlar weight t abl e gi ves the exposure to light 20 required
for the change in yell owness index (Yl) of 5. Tabl e 4.
Weat hering results for Exanple 2 under weathering condition B
Table 5
Sample # | GR 3150 PEG PEG exposure to | Improvement | Improvement
MW 14,000 | MW 200.000 AYI=S factor factor
(kI/m® (caiculated) (found)
14 - - 300 i) ()
15 0.3 - 360 . 1.20
16 - 2 400 - 1.33
17 - 3 450 - 1.50
18 - 5 480 - '1.60
19 03 2 460 1.53 153
20 0.3 3 550 1.70 1.83
21 0.3 5 610 1.80 203
22 - 2 420 - 140
pX] - 3 460 - 1.50
24 - s 500 - 1:67
25 0.3 2 550 1.60 1.83
26 0.3 3 550 1.70 1.83
27 0.3 3 590 1.87 1.97

Base resin: polycarbonate + 0.15% Irgaphos 168 + 2% TiO2
15
The above examples illustrate the synergistic effect observed when
using higher molecular weight PEG's. The synergistic effect is indicated by
the actual higher value for the improvement factor found than the calculated
improvement factor if the HALS and PEG had an additive effect.



e

le | Exposur “‘m“ | mpr ovenent factor [err] Yl =5

Sanmp

(kJ / ni e “ l“ I i near  found 6 410
ot 195 . 121

8 * 1.38 9 © . 640

- 1. 56 10 450 . 14. - 1.10

11 530 1.31 1.29 12 665

1.48 1.62 13 820 1.66 2.00

- 13 - CLAIMSius Sanpl e 6, which cont ains Tigerr] as the pignent,

requires an expqsur e %]ﬁ{ to reach a [err]Yl of 5.
Sanpl es 7-9 contain PEG al on %m%%n#(ﬂ o ¢ Ti o2 pignment. As is seen,

these sanples require prol Qa‘)gedapnmsmaate to I |ght (h| gher K3/ nferr]
nunbers) to show a change i r} n%k es jch conpr.ise
both PEG and HALS show bef®ler "T“e a§ e ot & Iﬁ'&?ﬁ?z"f‘?fb?n and"} p'peﬁ%ﬂ"'&"hl igngy
for the PEG HALS conbigaaby fAL&SaHd1 Ng an additive effect bet ween PEG
and HALS. Thus sanples 12 and 13, in particular indicate a

si gni ficant inprovement ovés) t hepeleter hased RRIVDAEr i ng val ue.

Listed in Table 5 arezexangl&%ﬁggﬁi%ﬁldgcfa% 1{R2mSinused had higher 10

nol ecul ar wei ght
(a) the polycarbonate comprises from about 90% to about

99.49% by weight of the total composition;
10 (b) the piperazinone and piperazine ~dione based HALS -
comprises from about 0.01% to about 2% by weight of the total composition;
(c) the polyether based polymer comprfses from about 0.5% to
about 9.99% by weight of the total composition.
3. A composition of claim 2 wherein the - piperazinone -and
1S piperazine dione based HALS comprises from about 0.05% to about 1% by
weight of the total composition; and the polyether based polymer comprises
from about 1% to about 5% by weight of the total composition.
4, A composition of claim 3 wherein the piperazine dione and
piperazinone based HALS comprises from about 0.1% to about 0.5% by
20 weight of the total composition, and the polyether based polymer comprises
from about 2% to about 5% by weight of the total composition.

5. A composition of claim 4 wherein, the polycarbonate is BPA
polycarbonate.
6. A composition of claim S wherein the piperazinone and

25  piperazine dione based HALS is selected from:



Tabl e 5—— Sanpl e. #_ GR 3150 . PEG " PEG exposure to

. I mpr ov overrent MWV 14. 000 MWV 200. 000
[err] Y mmmm mmm fact or
(kd/me ted) (found) 14 - L -
300 (1) -15L5 0.3 -
360 1.20 16 - 2
400 - 1.33 17 - 3
450 1. 50;7 5
2

480 9 O
460 o 3 f‘\§
550 1.7 % 3 1. 83 1 )
610 1. 80 2. 03 % “‘C“z" N
R

2 420 R R1g 40 23 >—7<
3 460 24 @ ® and
5 500 - 1. 67 25 0 3’
2 550 Formulal. 60 Formulali 83 26 Formula 1@1. 3
3 550 1.70 1.83 27 0.3
5 590 1.87 1.97 Base resin: polycarbonate +
0.15% I rgaphos 168 + 2% TiJerr] 15 17 The above exanpl es
illustrate the synergistic effect observed en usi ng hi gher
nol ecul ar wei ght PEG s. The synergistic ef I's indicated by t he
actual higher value for the inprovenent ct ofNf ound than the cal cul at ed
i mprovenent factor if the HALS and PEG hj an additive effect.
- 14 - Al VB: 1. AN rising:

CLAI M5 ﬁﬁw (RJ g conpri sing

5 Formuia IV

wherein:

R' and R? are independently Cy.24 alkyl, hydrogen, -acyl, ‘benzyl, Ci.12

haloalkyl, Ci.12 alkyl, C2.14 alkenyl, unsubstituted C;.14 aralkyl, or carboalkoxy;
10 R? optionally also represents oxygen;

R® and R* independently represent Ci.1s haloaliel, -Cy1s-alieyl, Css
cycloalkyl, C2.1a alkenyl, or unsubstituted Cy.1g aralkyl; or R® and R*, when
taken together with the carbon to which they are attached, form a Cs.2
alicyclic ring;

15 R® and R® are independently Ci.,5 haloalkyl, Cy.1s alkyl, Cz.4¢ alkenyl, or
unsubstituted Cy.1¢ aralkyl; or R® and R® when taken together with the carbon
atom to which they are attached, form a Cs.1; alicyclic ring;

ll
R’ is Cy.20 alkyl, benzyl, -A-C-OR" o

3

'(CHZ)I\ OH



pol ycar bonat e; ' (b) at least one of a piperazinone

SgﬁJﬂlm "Melﬁ“ﬂ!ﬂiﬂlnf baseg- HALi c2$05| tion of claim 1(\(/:\}1er2| n:

(a) thé pdlylarbonate conprises fromabout 90%to about 99. 49% by

wei ght of the total conposition; 10 -16- (b) the piperazi none and
pi perazi ne dione based HALS conprises fromabout 0.01%to about 2% by
wei ght of the total co §Ut|on (c) the polyether based
pol ymer conprises froma f’ Wy t o about 9.99% by wei ght of the total

conposi tion. RQ&dR'A aperd re

pi ggram none and 15 ePaZ| nelﬁgl one égggr}gaﬁﬁﬁéﬁb ﬁ?léggy' bgﬁi ﬁﬁﬁlutcsea 05%

to about 1% by ‘?A%?ﬂbﬂt Cots alipnyl, rapnssubstitutsd Con; aralkyl t&mbahuq*h%?msed
I t o 1 b ht of the tot

pol yner conpri sestaken ifo@efﬁbﬁt)ﬁfﬁczrﬂe ChfbahO RS Whicht Q{ \Agl!eg\ﬁ@(%eﬁ form 2 Cong

conposi tion. |on
pi perazi ne di ohe aliryclic ﬂng)| per azi none based HALS conprises from about 0.1%

to about 0.5% by 20 11 g .t he al osition, and the polyether
based pol ymer conpri ses Hh F? éﬂﬁ%ﬁ ?BLB/”BHEM%@% @1mikglthaG§ aikbny!

total conpositi onor unsubstituted Ch >OSPRST 1 e| n e
pol ycarbonate is BP@ 18§]anag§[y¢ RY! dndR (Ngg'l' Efét%n ‘°\|§% ghhﬁ
claim 5 wherein T O%P}?gf'é’z‘%’/mg}h exrhfe Aftached, dorava Fae.1déliopelicrime d HALS i's

sel ected from R™ and[FE"* fake independently C, alkyl, wherein at least one of said
10 groups is branched on the o carbon atom:
R'%is Cy.z0 alkyl;
R'is
6 Rs

N(Cy.jz cycloalkyl) (CH,) . -N NR'™
R R} _
R'"is H or Cy4 alkyl;
Is A is a straight or branched chain (lower) alkylene having from 1 to 6
carbon atoms optionally substituted with C+-Cs alkyl; and

n represents an integer from 1 to 4.

7. A composition of claim 6 wherein:

R®, R*, R%, and R® are each methy.

20 8. A composition of claim 7 wherein the HALS is:

Formula
wherein:



whereirnm—"" Rlerr] and Rlerr] are independently Cferr]alkyl,
,hydro Cerr] hal oal kyl, C[err] alkyl, C[err]al kenyl ,
unsub !‘ ““ ml u |a| kyl, or carboal koxy; 10 R[err] optionally
esen

Sw oxygen; Rlerr] and R err] independent]y represent
C[ err] hal oal kyl , Clerr]alkyl, Cerr] cyaleal kyl, Cerr] al kenyl, or
unsubsti tuted C[ err] aralkyl; or Rerr] and Rerr], Wnen t aken toget her
with the carbon to vvhlcpthe are attached, forma (ferr] alicyclic
ring; 15 R[ er r | RaRad i e indepgndentiy) sorasrimtmothigl er o1 R ansaRKy Iwhen

| kyl t I
ana Rl err] non 1 Sken eqher @ tie catR R WhlchiRey i ptieiod: o a o«
attached, form a @hgrard allcycllc ring

Lerr] Rlerr ﬂ%g'[ailpﬁ‘errgd]eﬁghty%rg by, g RERGY or RV and 5% RUFEd laed togétﬁr [

- 16 -
s  with the carbon atom to which they are attached, form a cyclohexyl ring.

9. A composition of claim 6 wherein the polyether based polymer is
represented by Formula V:

R”-O-{(Cf{z);o }:nkz‘

10 Formula V
wherein:
R and R?' independently represent H, C1.:5 alkyl or aralkyl, Ce.10-aryl,
or -C(O)R%;
15 R* represents Cy.16 alkyl or aralkyl, or Ce.1o aryl;

n represents an integer from about 2 to about 6; and
m represents an integer from about 1 to about 10,000.
10. A composition of claim 9 wherein
R% and R?' are each H;
20 nis 2; and
m represents an integer from about 50 to about 10,000.
11. A composition comprising:
(a) apolycarbonate;
(b) at least one of a piperazinone and piperazine dione
25 based HALS;
(c) apolyether based polymer;
(d) an additive; and
(e) ablend stock.
12. A composition of claim 11, wherein:



R[‘rr] an i%ilimdently represent Clerr] haloal kyl, Cerr] alkyl,
ll
'8

e d err
. derr] ”ml “ hl Clerr] alkenyl, or unsubstituted CJerr] aral kyl;
or Rlerr]ih |

taken together with the carbon to which
they are attached, forma (err] 5 alicyclic ring:

Rlerr] and Rlerr] are independently Clerr]-idal oal kyl, Cerr] alkyl, Cerr]
al kenyl , or unsubstituted CJerr] aralkyl; or Rerr] and R err] when

taken together with the carbon atamto which they are attached, form
a Cerr] alicyclicr i(gbgt,he polycarbonate compgyisgs i')'o@rﬂpcﬁf éB% toyakout RffRhdBnt | y

Cerr] alkyl, whadightofdtie tobAebmpositioh; said 10  groups is branched on the
[err] carbon atom ) Rlerr] is (Jerr] allt?ll;
Rlerr] is (b) the piperazinone and piperazine dione based HALS comprises fren |

Rlerr] is Hor gtﬁu b_oql,/?k%l aibo%??é bé/-weigﬁt 5@2?6&&%%%3@5&85- branched chain

(1 ower) al kyl en aving trom on atdns optionally
substituted w th ( erc)th€paiyethenlbaged pohdner comprises from aboetpd .69 td abaat
i nteger froml A conposition of claim®6 wherein:

Rerr], Rerr], E%f’é’}yr‘]’?igrétrﬁ "ﬁté’pr'fz’g‘p@s@%h met hyl . 20 8. A
conposi tion of clai m(d) twbauditives: duniifdeIrom:about 0.01% to about 25% by weight of
Lerr] the \{\lerc%lmnp:osition; and
(e) the blend stock comprises from about 0% to about 89% by weight
10 of the total composition.
13. A composition of claim 12, wherein the piperazine. dione based
HALS comprises from about 0.1% to about 0.5% by weight of the total
composition, and the polyether based polymer comprises-from-about 2% to
about 5% by weight of the total composition.
15 14. A composition of claim 13 wherein, the polycarbonate is BPA
polycarbonate.
15. A composition of claim 14 wherein the piperazinone and

piperazine dione based HALS is selected from:

7

. T‘ T RG o) Rs s
N 0 N O Rs\‘> < §<R
5
“\ﬁ @, RY :?9 R—N N—(CHg)y-s—N N—F?
s N 12 N
RO mé R | Rio >\—/ )—7(
20 R2 Rs y R / O & R ,
and
Formula ! Formula 1l Formula il
R

N)\N
RwJI\N/LRw



-17- Rlerr] and R err] independently represent methyl; or

- Rlerr] and Rlerr], whea—- taken together with the carbon to which they
are attaehedf’f’drma c C ohexyl ring; and Rlerr] and
Rlerr] ind or Rerr] and R err], when taken together 5
W|th the mw |ch they are attaghed, forma cycl ohexyl ring.

ron*of° cl al m 6 wherein the pol yether based polyner is
represent ed by Formula V: [err]
wher ei n: R err] and R[err] ifesmplei¥ent |y represent H, C[err]
al kyl or aralkyl, (err] aryl, -C(ORerr]; 15 R err]
represents Cerr] alkyl or aral kyl , or Jerr] aryl; n
represents an im:Bgernfrom about 2 to about 6; and m represents an

i nteger from about 1

claim9 wherein Pand B'aré *ﬁé)engpgmlv Grvee Yy Fkydrgs;%n eagglﬁ%ﬁl 8%1 12

nis 2; and 5 haloalkyl Ci.12 alkyl GE‘aE@%ﬁ?ﬁﬂh&ﬁﬁﬁtdtéﬂ 696 arkkANbAGRBbalREXy:; O
about 10, 000. 11 A conposition conpri sing:

(a) a pol ycar bonat €8’ optionally also represents oxygerst | east one of a
Dol vet her _based. pol yrisr 28 R iBedderty> R e RaP s halnali Oroy afior, Cofd
(e) a blend stoctycloalkyl, C..1g alkenyk or ynsubatitutad Con aralkyl aorrrﬂila,ndwﬁer\emen
taken together with the carbon to which they are attached, form a C5.¢2
10  alacyclic ring;
R® and R°® are independently C,.1g haloalkyl, Cy.1g-alkyl, G215 alkenyl, or
unsubstituted Cr.1s aralkyl; or R® and R® when taken together with the carbon

atom to which they are attached, form a C5.,; alicyclic ring;

ll
R’ is C1.20 alkyl, benzyl, -A-C-O-R B or

13

-(CHy), OH
s R :

R® is hydrogen;

R® and R' independently represent Cy.is haloalkyl, Ci.1s alkyl, Cs.1s
cycloalkyl, C,.1s alkenyl, or unsubstituted C;.4s aralkyl; or R® and R'®, when
taken together with the carbon to which they are attached, form a Cs.q4

20 alacyclic ring;

R' and R™ are independently Cy.1s haloalkyl, Cy.1s alkyl, C2.1s alkenyl,
or unsubstituted Cr.1s aralkyl; or R'' and R'? when taken together with the
carbon atom to which they are attached, form a C5.,, alacyclic ring;

R'™ and R™ are independently C,. alkyl, wherein at least one of said

25 groups is branched on the « carbon atom;

R15 is C1.20 alky!;
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- 18 - ——(&)—the polycarbonate conprises from about 10%to

. about 99 il ght of the total conposition; (b)

t he pi per ,!uﬁ azi ne di one based HALS conprises from

about 0.01% t‘o about wei ght of the total conposition; 5

(c) the polyether based polymer conprises fspm about 0.5%to about

10% by wei ght of the total conposition; (d) the additives
conprise fromabout 0.01%to about 25% by wei ght of t he total
conposition; and R is (e) the blend stock conprises from about 0%
to about 89% by wei ght 10 of the total conposgition. 13. A
conposition of claim 12, wherein the piperazine 8he based HALS
conprises from about 0.1% o abou % ht\ ofs t he total
conposition, and the polye FreH’ y 621'?£Bses from about 2%to
about 5% by wei ght of the total corrp05|t|on 14. A
conposition of claim13 V\/nerei n, the polycar onRf e 3 s BPA

pol ycar bonat e. A conposition of claim 14 wherein the

pi per azi none and *ﬁl"b@fr%z«ﬂ@/ di one based HALS is selected from
[err] aR4s a straight or branched chain (fower) alkylene having fromh 8" {d 6

s carbon atoms optionally substituted with C;-Cg alkyl; and
n represents an integer from 1 to 4.
16. A composition of claim 15 wherein R®, R*, R®, and R® are each -

methyl.
17. A composition of claim 16 wherein the HALS is:
R‘l
l
N, AP
11 9
R""T R10
10 R®
Formula fi
wherein:

R? and R'® independently represent methyl; or R® and R, when
taken together with the carbon to which they are attached, form a cyclohexyt
1S 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 polyether based polymer
is represented by formula V:

Rm-O—{fCHZ)—n-O}—If‘(Z'

Formula V

20

wherein;



19 - — " Formula |V whérein: -

. R[err] and ependently (Jerr] alkyl, hydrogen, acyl, benzyl,
Clerr] l @“ L “\ err] alkyl, Clerr] alkenyl, unsubstituted C[err]

ar al kyl , Rlerr] opti onal |y al so represents
oxygen; R[err] and Rlerr] indepgpdently represent C[err]
hal oal kyl , Cerr] alkyl, (err] cycloal kyl, C[err] al kenyl, or
unsubst i t ut ed derr] aral kyI or Rerr] and R[err] when t aken

together with the car BonancbR\Ahndepemteylﬂmr@raserad'lh@i‘,.xsfaﬂoyhmaaré‘{kgt Ce-1d-Qryl,
al acyclic ring; ]Oér%ﬂ)ﬁzz Rlerr] and Rlerr] are independently (err]

hal oal kyl, Cerr d err]al kenyl, or unsubstituted (Jerr]

aral kyl; or Rerr] anﬂzq:i[epfds]enwen‘staﬁ&yebr arfed, o Ce M éd;n t he carbon atom
to whlchthey are attached, form.a {W}’ %|IC cI|c rlgg

[err] R[Br“?qreﬁ%“tﬁ:ﬁﬁr"r‘tfg f {abeulbAMY R or [err]
Rlerr] is hydsog@fiepresents an integeRfdh AbRRd B[a%ul 10,pggpendent |y represent
Cerr] haloalkyl, Cerr] alkyl, C[errl cycloal'kyl, C[err] al kenyl, or
unsubstituted err] 49.al k& comppsitipre ot glaigh 48 mherei: when t aken

together with the carbon tﬁm‘l%ﬂ'dcﬁmapééa [.attached, forma Cferr] 20
err] an %{

al acyclic ring; eltr] are |ndependently Cerr]
hal oal kyl, Cerr] al kyl, Gjisrd;Jaadkenyl , or unsubstituted C[err]

oLl Chont rc) i KL s sHIFRobLRER GRS o Aft 10 g0nc ™ bon atom

Rlerr] and Rerr] are independently Clerr]alkyl, wherein at |east one of.
said 25 groups is branched on the [err] car bon at om Rl err]
is (err] alkyl;



_-'-s'éo Rierr] is : -
-ferr] Rlerr] is Hor (Jerr]  alkyl; Ais a

straight or branched chain (lower) al kylene having from1l to 6 5 carbon
atons optionally substituted with CJerr]-Clerr] alkyl; and . n
represents an integer from1l to 4. .22.16. A conposition of claim
15 wherein Rerr], Rerr], Rerr], and Rerr] are each nmet hyl .

17. A conposition of claim 16 wherein the HALS is:

[err] wher BORYCARBONATE GORPOSIAIQNRCOMPRISINGHUNDERED AMIPESent

methyl; or Rerr] and Rerr], idh the carbon to
whi ch they are attached, forr%lgwg;ﬁ%%%l%ﬁégmé Pﬁ?{%j’ﬁ{gﬂé R err]
and Rl err] independently nethyl; or R err] and R err], when taken together
with the carbon atomto which they are w& forma cycl ohexyl ring.
18. A conposition of claim15 wherein t Lt her based pol ymer i's
represented by formula V: 20

Weatherable polycarbonate compositions (formulations or
blends) comprise at least one of a piperazinone and piperazine dione based
HALS, and polyether based. The combination of these HALS and polyether
based polymers exhibits a synergy that results in enhanced protection of the

10 polycarbonate compositions by imparting photostability to the polycarbonate .
formulations, thereby reducing yellowing or other forms of light induced
degradation.

Figure 1



[err ]

. Rerr] and Rerr] independently represent H

aryl, or -C(ORferr];
aryl ;

aral kyl, or Cerr]

to about 6; and s

Rlerr] are each H,

PEG 3400/GR3034 HALS in PC films

19. A conposition of claim 18 wherein: Rl err] and
nis 2; and
represents an integer fromabout 50 to about 10, 000.
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Formul a V

wher ei n:
,- C(Jerr]al kyl

or aral kyl,
Rlerr] represents (ferr] alkyl
n represents an integer from about 2
m represents an integer fromabout 1 to about 10, 000.

(e={A) 10104 Wawaroidw|

Cerr]

or

m

Fraction PEG



