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5
The instant invention relates to weatherable compositions (blends and
formulations) comprising polycarbonate and hindered amines light stabilizers.
BACKGROUND OF THE INVENTION
10

Fo;mulations and blends comprising polycarbonates are known to
degrade upon prolonged exposure to sun light or other forms of light. One of the
effects observed is yellowing of the polycarbonate blend/formulation.  This
problem has been alleviated by the use of light absorbers or light blockers in the

15 polycarbonate blends. Thus ultraviolet light absorbers (UVA) are known to be
used in polyca-rbo.nate 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
has been known. Commercially used HALS have been based mainly on

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

The use of HALS in polycarbonates is not very common. fhe stabilizing

25  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 303-317. The use of



207 2,2,6,6-tetranmet hyl piperidine, except for those based on

pi perazinones. U S. Patent Nos. 4,190,571; 4,292,240; 4,480,092; and

‘5,071, 981 di sclose sone of the.piperazinone based HALS, while United States
Pat ent Nunbers 3,919, 234; 3,920, 659 and 4, 208, 522 di scl ose sone of the

pi perazi ne di one based HALS. The use of HAL®-in pol ycarbonates is not very
common. The stabilizing 25 effect of HALS on pol ycarbonate
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5 method or formulation that will help protect polycarbonate based
formulations/blends from degradation or discoloration due to exposure to light.

It has been surprisingly found that use of the piperazinone and piperazine
dione based HALS, contrary to studies reported above, in compositions
comprising polycarbonate significantly increases the photostability thereby

10 slowing the degradation of the polycarbonate compositions. It has also been
surprisingly found that the HALS can be combined with polycarbonates without
any significant chemical reaction between the two and with the least effect on

melt stability of the polycarbonate compoéitions.
15 SUMMARY OF THE INVENTION

The instant invention provides a composition comprising a polycarbonate,
and at least one of a piperazinone or a piperazine dione based HALS.
Incorporation of - the piperazinone or piperazine dione based HALS in the

20 polycarbonate composition surprisingly renders weatherable polycarbonate
. compositions and protects the polycarbonate compositions from the undesired
degradation or discoloration due to exposure to light.

DETAILED DESCRIPTION OF THE INVENTION
25 |
The present invention provides a composition comprising, a
polycarbonate, and at least one of a piperazinone and piperazine dione based



5 smethod or formulation that will help protect polycarbonate based
formul ati ons/ bl ends from degradati on or discoloration due to exposure to
‘light. It has been surprisingly found that use of the piperazinone and
pi perazi ne di one based HALS, contrary to studies reported above, in
conpositions conprising polycarbonate signig.i cantly increases the
photostability thereby 10 slow ng the degradation of the pol ycarbonate
conpositions.. It has al so been surprisingly found that the HALS can be
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protects the polycarbonate conpositions fro radation or
di scol orati on dpipetaginenp oy piperaginei dipne based HALS comprises from about 0.1% to

about 1% by weight of the total composition.
A second aspect of the instant invention provides a composiiion
comprising, (a) a polycarbonate; (b) at least one of the piperazinone or
10 piperazine dione based HALS; (c) additives; and (d) a blend stock. In one of its
embodiment is provided a composition wherein: (a) the polycarbonate
comprises from about 10% to about 99.9% by weight of the total composition; (b)
the piperazinohe or piperazine dione based HALS comprises from about 0.05%
to about 5% by weight of the total composition; (c) additives comprise from
15 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.
Preferred embodiments provide a composition wherein HALS comprise
from 0.1% to 1%, and the blend stock comprises from 30% to 60% by weight of
the total composition. In yet another' preferred embodiment is provided a
20 composition wherein the polycarbonate is BPA polycarbonate.
Another preferred embodiment provides a composmon wherein the

plperazmone or piperazine dione based HALS is selected from



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25 The present invention provides a
conposition conprising, a polycarbonate, and at | east one of a piperazi none
“and pi perazi ne di one based -3- HALS. Anot her enbodi nent of the invention
provi des a conposition wherein, (a) the polycarbonate conprises from about
95% t o about 99.95% by wei ght of the total conposition; and (b) the

pi perazi none or piperazine di one based HAL'§°corrpri ses from about 5%to
about 0.05% by weight of the total conposition. In 5 a further preferred
enbodi ment is provided a conpositipn wherein the piperazinone or

pi perazi ne di one bag‘ed LS caonpri'ses from gbouty0. 1% to abgut 1% by wei ght

of the total conposiNg A sexon Bect @f\thg instant in I on provides
a conposition 5
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wherein:

R' and R? are independently Cy.4 alkyl, hydrogen, acyl, benzyl, Cs.2 haloalkyl, ,’

Ca.1s4 alkenyl, unsubstituted C;.4 aralkyl, or carboalkoxy; R® optionally also
10 represents oxygen;

R® and R* independently represent Ci.15 haloalkyl, Ci.1s alkyl, Cs.1s cycloalkyl, Co.

18 alkenyl, or unsubstituted C;.is aralkyl; or R® and R*, when taken together with

the carbon to which they are attached, form a C... alicyclic ring; :

R® an'd R® are independently Ci.is haloalkyl, Ci.s alkyt, C.us alkenyl, 6r-~ .
15 unsubstituted C;.4s aralkyl; or R® and R® when taken together with the carbon

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

. o _
I

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



cofrprising, (a) a polycarbonate; (b) at |east one of the piperazi none or 10
pi perazi ne di one based HALS; (c) additives; and (d) a blend stock. In one
of its enbodinent is provided a conposition wherein: . (a) the polycarbonate
conprises fromabout 10%to about 99.9% by wei ght of the total conposition;
(b) the piperazinone or piperazine dione based HALS conprises from about
0.05% to about 5% by wei ght of the total cotposition; (c) additives
conprise from 15 about 0.01%to about 25% by weight of the total
conposition; and (d) the blend stock conprises frqg about 0%to about 89%
by wei ght of the total conposition. Preferred e di mrents provide a

conmposi tion wherein HALS conprise fromQ 1%t nd the bl end stock
conprises from30%to 60% by wei ght of e o c%ﬁposition. In yet

anot her preferred enbodi nent is provided a 20 osition wherein the

pol ycarbonate i s BPA pol ycarbonate. Another preferretl enbodi nent provides a
conposi ti on wheRBisrhydhegen Oesatiiy@rendr pi perazi ne di one based HALS is

sel ected from R® and R independently represent C 1.1 haloalkyl, C1.1s alkyl, Cs.1a cycloalkyl,
C2.1s alkenyl, or unsubstituted Cy.1s aralkyl; or R? and R', when taken together .
5  with the carbon to which they are attached, form a C 4. alicyclic ringﬁ
R" and R™ are independently Ci.s haloalkyl, Ci1s alkyl, Cz1s alkenyl, or
unsubstituted Cy.s araalkyl; or R and R' when taken together with the carbon

atom to which they are attached, form a C..s alicyclic ring;
R* and R" are independently C..s alkyl, wherein at least one of said groups is

10 branched on the o carbon atom; R"™ is Ciz alkyl; RY s

6R5

N(Cyg cyclo alkyl) (CHp) 4 - NR'®
R3

R4
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 C-Cs alkyl; and
15 nrepresents an integer from 1 to 4.

Preferred HALS are represented by:
F o RS
H X X
R—N -~ N—(CH)is~N  N—F r~i Y
- A
AW ARAN R N/ R

Formuia Il Formula'lVvV



-4-"Jerr] [err] wherein: Rerr] and R err] are independently CJerr] alkyl,
hydrogen, acyl, benzyl, Cerr] haloalkyl, C[err] -al kenyl, unsubstituted
Cerr] aral kyl, or carboal koxy; R err] optionally also 10 represents
oxygen; Rlerr] and R err] independently represent C[err] haloal kyl, C[err]
al kyl, Cerr] cycloalkyl, Cerr] [err] alkenyl, or unsubstituted (err]

aral kyl; or Rlerr] and Rlerr], when taken tfgether with the carbon to which
they are attached, forma ([err] alicyclic ring; Rerr] and R err] are

i ndependently C[err] haloal kyl, Clerr] alkyl, Clerr] alkenyl, or 15
unsubstituted Cerr] aralkyl; or R err] and R err] when taken together with
t he carbon at onphéreihi CIR®t her? ar eR%t t agded R®f ordrea @aekr] ngthyy cl RY riigg;

[err] Rerr] is (Jerr] alkyl, benzyl,s[%rr] , or
' . R
N(Cyg cyclo alkyl) (CHi4-N  NR'®
3
R? R . and

R'™ is H or Ci4 alkyl. A further preferred embodiment provides a composition
5 wherein the HALS is a piperazine dione represented by '

Formula Il
wherein, R® and R" independently represent methyl; or R® and R', when taken
together with the carbon to which they are attached, form a cyclohexyl ring; and
10 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.
As used in the instant invention a polycarbonate comprises multiple

structural units represented by the formula

15 ' [-0-A1-0-C(0)]
Formula V
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)-
phenylene, 2,2-bis(4-phenylene)propane and similar radicals such as those
20  which correspond to the dihydroxy-substituted aromatic hydrocarbons disclosed
by name or formula {generic or specific) in U.S. Patent 4,217,438.



[efr] R err] is hydrogen, Cerr] alkyl, or aryl; Rerr] and R err]
I ndépendently represent Cerr] haloal kyl, Cerr]alkyl, ([err]cycloalkyl

*Clerr] al kenyl

, or unsubstituted CJerr] aralkyl; or Rerr] and Rerr],

taken together 5 wth the carbon to which they are attached, forma (
alicyclic ring; Rerr] and Rerr] are independently C[err] hal oal kyl,

Clerr] al kenyl, or unsubstigyuted Clerr] araal kyl; or R err]
and Rl err] when taken together with the carbon atomto which they are
attached, forma Clerr] alicyclic ring; Rerr] and R err] are independently

Cerr] alkyl, whereirfe @l @8l preffalilf hafihe féfkps is 10 branched on

Cerr] alkyl,

[err] carbon

atom Rerr] ‘is (derr] alky; HRerr] is [err] Rerr]

Hor (err] alkyl; Ais a straight or bsAR¢a@d chain (I ower) alkyl ene

having from 1l to 6 carbon

10

15

.20

25

Formula Vi

wherein each of A2 and A3 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 Vi are usually in the

when
err]

t he
S

meta or para positions of A2 and A3 in relation to Y. Compounds in which Al

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

in formula VI, the A2 and A3 values may be unsubstituted phenylene or
hydrocarbon-substituted derivatives thereof, illustrative substituents (one or
more) being alkyl and alkenyl. Unsubstituted phenylene radicals are preferred.

Both A2 and A3 are preferably p-phenylene, although both may be o- or m-

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

. separate A2 from AS. lllustrative radicals of this type are methylene,

cyclohexylmethylene, 2-[2.2.1}-bicycioheptylmethylene, ethylene,

isopropylidene, neopentyliaene, cyclohexylidene, cyclopentadecylidene,™ - -

cyclododecylidene and adamantylidene; gem-a]kylene (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
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.



atons optionally substituted with (Jerr]-Clerr] alkyl; and 15 n represents

an integer froml to 4. Preferred HALS are represented by:

[err] - 6-

“wherein, Rerr], HRerr], Rerr], and Rlerr] are each nmet hyl ;
is [err] Rerr] is Hor CJerr] alkyl. A further preferred enbodi nent
provides a conposition 5 wherein the HALS is a piperazine dione

represented by [err] wherein, R err] and Herr] independently represent .

R17

methyl; or Rlerr] and Rl err], when taken together with the carbon to which

| ndependent |y ASPRGT2: SroBarer B4 WY AR al il 3RS o b

herein by reference.

The compositions of the instant invention comprise at least one

piperazinone or piperazine dione based HALS. It should be noted that one or a

5 mixture of more than one piperazinone or piperazine dione based HALS can be

used as part of the instantly claimed compositions. The piperazinone or

piperazine dione based HALS are generally represented by Formula |, Formula
I, Formula I, or Formula IV. Also as used herein, additives include such

materials as colorants, whitening agents, thermal stabilizers, metal deactivators,

10 impact modifiers, extenders, antistatic agents, and processing aids. The

different additives that can be incorporated in the compositions of the instant

invention are commonly used and known to one skilled in the art. IMustrative

descriptions of such additives may be found in R. Gachter and H. Muller;
Plastics Additives, 4™ edition, 1993 and are incorporated herein by reference.
15 Also, as used in the instant invention, the phrase blend stock is used to

describe one or more polymeric ingredients represented by aromatic polyesters,

aliphatic polyesters, and styrenic polymers. Examples of blend stocks include
poly(4-butylene terephthalate, poly(ethylene terephthalate), acrylonitrile-
butadiene-styrene copolymer (ABS), styrene-acrylonitrile copolymer (SAN),

20  styrene-acrylonitrile-acrylate copolymers (ASA),

cyclohexanedimethanol-1,4-cyclohexanedicarboxylate) (PCCD).

EXPERIMENTAL DETAILS

and poly(1,4-

25 The examples illustrate the instant invention by providing data that deals

with the weathering performance of the piperazinone based HALS in

polycarbonate.



carbon atomto which they are attached, forma cycl ohexyl ring. As used in
“the instant invention a pol ycarbonate conprises nmultiple structural units
‘represented by the fornmula 15
[-OAerr]-0C(O-] Formula V wherein Alerr] is a divalent aronmatic

hydr ocar bon radical. Suitable A[err] radlcgls I ncl ude m phenyl ene,

p- phenyl ene, 4, 4' -bi phenyl ene, 4,4' -bi(3,5-di nethyl)- phenyl ene,

2, 2-bi s(4-phenyl ene) propane and similar radicals such as those 20 which

correspond to té)é?ng'}éwdrﬂiﬁfoééﬂ y§|@é}1t%gmﬁ,§c hydrocar bons di scl osed by
I C

nanme or fornula neric or spec S. Patent 4,217, 438. -7- The
Alerr] radical preferably has the formula -Alerr]- Y-A[err]

BPA polycarbonate films, approximately 18 microns thick, were cast from

methylene chloride by drawing 20% solids solutions on a glass plate using a 6
5 mil doctor blade. HALS was added to methylene chloride solution at 1.0% by

weight of polycarbonate resin.

"These films were exposed in an Atlas Ci35a xenon arc Weather-Ometer®

equipped with CIRA inner and soda lime outer filters. The light cycle was 165

minutes long at an irradiance of 0.77 W/m? at 340 nm, black panel temperature
10 50C, dry bulb temperature 30 C, and wet bulb depression 7°C. There was a 15

minute dark cycle with water spray durmg the last 10 minutes. Exposure is

measured in total kilojoules (kJ) of irradiance at 340 nm.

The Yellowness Index (Y1, obtained by ASTM procedure D-1925) of the
films is shown in Table 1. A lower Yl number suggests lesser effect of light on

15 the polycarbonate and thereby-higher photostability.

The structures of the H_ALS are shown in Figure 2. bis[2,2,6,6-tetramethyl-
4-piperidinyl]sebacate (Tinuvin® 770), bis[1,2,2,6,6-pentamethyl-4-piperidinyl]
sebacate (Tinuvin® 765), and 1-acetyl-4-(3-dodecyl-2,5-dioxo-1-pyrrolidinyl)-
2,2,6,6-tetramethylpiperidine (Sanduvor® 3058) are commercial HALS all of the

20 piperidine class. 1,1'-(1,2-ethanediyl) bis [3,3,5,5-tetramethy|perazinone]'
(Good-rite™ 3034, GR3034 for short) is a representative of the piperazinong
class. The Yl data shows that GR 3034 is superior in reducing the ph'oto\‘ "
yellowing of cast polycarbonate films. The superior effects of Good-rite ™ 3034
are suggested by the lower YI numbers for Good-rite™ 3034 compared to other

25 HALS.



Forhul a VI wherein each of A2 and A3 is a nono cyclic divalent aromatic

hydrocarbon 5 radical and Y is a bridging hydrocarbon radical in which one
or two atons separate Alerr] fromAlerr]. The free val ence bonds in fornula
Vi
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Structures of HALS in Table 1



cycl ohexyl net hyl ene, 2-[2.2.1]-Dbi cycl oheptyl net hyl ene, ethyl ene, 20

| sopropyl i dene, neopentylidene, cyclohexylidene, cyclopentadecylideng,-
‘cycl ododecyl i dene and adamantyl i dene; gem al kyl ene (al kylidene) radicals
are preferred. Al so included, however, are unsaturated radicals. For
reasons of availability and particular sujtability for the purposes of this
I nvention, the preferred bisphenol is 2,2-bis(4-hydroxyphenyl)propane
("BPA"), in which Y is 25 isopropylidene and A2 and A3 are each

p- phenyl ene. /A5dpiphd be ®hdestdbility 6ﬂﬁje@ﬁorpmbw@§rsaﬁ?@s%ntb%ﬁﬁb HALEBhe i nstant
i nvention 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.
oo o beRgkhal B 8k AREORIGEE B2 e v fo o
a 5 mxture exfrusiohe Sdnfpled Wereddiyslardadonith 210% by eight 'vP rdtile TrOPasE@d.d9hL S
can be 5 by weight of the various HALS.

The blends, in Tables 4, 5a and 5b consisted of BPA-PC and poly(1,4-
butylene terephthalate) (PBT) (combined in a 70:30 ratio), rutile TiO, (2.0% by
weight) or carbon black (0.6% by weight added as a 25% rﬁaster batch in BPA-PC),
Good-rite™ 3034 HALS (1.0% by weight) and phosphorous acid (0.08% by weight).

10  Similarly the b'lends, in Tables 6, 7a and-7b, consisted of BPA-PC and poly(1,4-
cyclohexanedimethanol-1,4-cyclohexandicarboxylate) (PCCD) (combined in a
70:30 ratio), rutile TiO» (2.0% by Weight) or carbon black (0.6% by weight added as
a 25% master batch in BPA-PC), Good-rite™ 3150 HALS (2.5% by weight) and
phosphorous acid (0.05% by weight). In both these blends the phosphorous acid

15 acts as a catalyst quencher to quench the residual polymerization catalyst, that may
have been left behind from the synthesis of the polycarbonate or the polyester resin,
thereby preventing transesterification. The blends with acrylonitrile-butadiene-
styrene consisted of BPA-PC, styrene-acrylonitrile copolymer and butadiene based
high rubber graft (combined in a 67:16.5:16.5 ratio), rutile TiO, (2.0% by weight),

20 HALS (1.0% by weight), Irgaphos-168 (0.3% by weight) and Irganox-1076 (0.3% by
weight). Both Irgaphos-1 éa and Irganox-1076 were added as processing_
stabilizers.

The formulations were blended by means of a mixer then compounded on a .
ten barrel Wemer & Pfliederer 30mm co-rotating twin screw extruder. The

25  pelletized formulations were dried overnight in a 60°C oven then injection molded
on a Nissei 160 ton molding press into 1/8" thick plaques under standard conditions.
The plaques were weathered under three different conditions. Weathering



used as part of the instantly clained conpositions. The pi perazi none or
piperazine dione based HALS are generally represented by Fornmula |, Fornula
1, Formula I'll, or Forrmula IV. Also as used herein, additives include such
materials as colorants, whitening agents, thermal stabilizers, netal
deactivators, 10 inpact nodifiers, extenders, antistatic agents, and
processing aids. The different addltlveslthat can be incorporated in the
conpositiohs of the instant invention are connDnIy used and known to one

killed in th d dd be
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pol ymeric i ng:E'é Fﬁg W@S‘F’?g‘@ﬂtcé’ﬂg%9 égbﬁﬁﬁ $AEN8, Raragmeders gs; tha dhindilms in
pol yesters, apstafmpld ¢weatRBHGeoSditidh FCIP MRS hdbéteddh %h%l&% ¢58h Ydfon arc
pol y( 4- butyl ene t er epht hal at e, pol y(et hyl ene terephthalate), acrylonitrile

but adi ene- §t y Weather mew%req@meegi witht ;ypef&‘ebams;licete tnet andcqubétyfl’lms( Sthé ,
cycl ohixancd, TR Was B isRisians 8 B5 ERipnas of Sl 1 a0 neh bikbi ' &
panel temperature 70°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.
The Yellowness Index (YI, ASTM D-1925) of the BPA-PC plaques
10 containing HALS are reported in Tables 2a and 2b. The Goodrite™
piperazinones outperform other HALS in preventing color formation upon
weathering as indicated by their lower YI values in Tables 2a and 2b.

Table 2a:  Photostability of TiO, pigmented polycarbonate plaques

15 containing HALS: weathering conditions (A)
HALS initial Y1 | Ylat2990kJ | Yiat 3756 kJ
Control (none) 4.1 16.2 26.0
Tinuvin® 440 34 9.9 19.2
Tinuvin® 770 58 . 179 25.7
Tinuvin® 622 4.6 10.9 20.1
Sanduvor® 3058 5.6 12.6 23.0
Good-rite™ 3034 4.5 8.0 13.2

Table 2b:  Photostability of TiO, pigmented polycarbonate plaques
containing HALS: weathering conditions (B)

HALS initial Y1 | Yliat2106 kJ | Yl at2906 kJ
Control (none) 5.0 10.6 23.5
Good-rite™ 3150 43 6.8 14.0
Good-rite™ 3159 5.1 6.8 14.4




EXPERI MENTAL DETAILS 25 The exanples illustrate the instant invention
by providing data that deals with the weathering perfornmance of the

‘ pi perazi none based HALS in pol ycarbonate. Exanpl e 1: Photostability of
sol vent-cast filns. BPA polycarbonate filns, approximtely 18 m crons
thick, were cast from nethyl ene chloride by, _drawi ng 20% sol i ds sol utions on
a glass plate using a 6 5 m| doctor bl ade'®> " HALS was added to met hyl ene .
chloride solution at 1.0% by wei ght of pol ycarbonate resin. These filns
were exposed in an Atlas C 35a xenon arc Wat her- Oreter equi pped with C RA
inner and soda lime outer filters. The light cycle was 165 minutes |ong at
an irradi ance of 0.77hevGgaskitg™ ipezazinenas alse drovider:the: bestcglasa ratertipnsin C,

dry bulb tenper El'tlblzr ;e)ig%?en?éd m—%tp!g&lxe% gse %(ﬁgaﬁlec? %ﬂn%r Irli’bﬁ:ér E&%& eva uess ﬁ"l 15
Tables 3a and 3b. Gloss measurements were recorded using a BYK Gardner
5 micro tri gloss meter at a 60° viewing angle. The Goodrite™ piperazinone HALS
are also more processable in BPA-PC and provide similar benefit in blends with
BPA-PC as described below.

Table 3a:  Photostability of TiO, pigmented polycarbonate plaques

10 ) containing HALS: weathering conditions (A)
HALS initial 60° 60° Gloss at 60° Gloss at
Gloss 2990 kJ 3756 kJ

Control (none) 101 88 24
Tinuvin® 440 101 94 49 -
Tinuvin® 770 101 91 27
Tinuvin® 622 101 o1 48
Sanduvor® 3058 101 92 33
Goodrite™ 3034 101 98 77

Table 3b:  Photostability of TiO. pigmented polycarbonate plaques
containing HALS: weathering conditions (B)

HALS initial 60° 60° Gloss at 60° Gloss at
Gloss 2906 kJ 3089 kJ
Control (none) 1 102 76 28
Goodrite™ 3150 103 96 i 74
Goodrite™ 3159 103 96 74
15 The Yellowness Index of the TiO, pigmented BPA-PC/PBT blend

containing HALS is reported in Table 4, and the gloss values are reported in
Table 5a. Gloss values for the BPA-PC/PBT blend containing carbon black and



m nute dark cycle with water spray during the last 10 m nutes. Exposure is
nmeasured in total kilojoules (kJ) of irradiance at 340 nm The Yell owness

1 ndex (YlI, obtained by ASTM procedure D-1925) of the filns is shown in
Table 1. A lower Yl nunber suggests |esser effect of light on 15 the

pol ycarbonate and thereby hi gher photostabi,ty. The structures of the HALS
are shown in Figure 2. bis[2,2,6,6-tetranethyl- 4-piperidinyl]sebacate
(Tinuvin 770), bis[1,2,2,6,6-pentanethyl -4-piperidinyl] sebacate (Tinuvin
765), and 1 -acedAllS i-reposd!nCTdble 56 THeddslorshife i thel sk edmples is not reliabl
2,2,6,6-tetranmet hyl pi peridi ne (Sanduvor 3058) are commercial HALS aFI 0

the 20 piperi dimﬁzaseraél!,%by the Yellowness indgx aad sy therefpee, not reported.
[3,3,5,5-tetranet hyl perazi none] (Good-rite 3034, GR3034 for short) is a
representative of the piBerazinone_cIass. The Yl data shows that GR 3034 is

superior in reddéblegt hePhotostability ofoliDn pigofenteasPCARTYendplagues fi | ns. The

[ ffect f Good-rit ted b he | ower YiI
PUPbers o Good-rite 9034 coomabhy HAE, BidinsliRaRRnSY o)

HALS initial Yl Yl at 808 kJ Yl at 1791 kJ
Control (none) 5.8 11.8 19.8
Goodrite™ 3034 5.0 9.2 16.3

Table 5a:  Photostability of TiO, pigmented PC/PBT blend plaques
containing HALS: weathering conditions (B)

HALS initial 60° 60° Gloss at 60° Gloss at
Gloss 1608 kJ 1791 kJ

Control (none) 101 63 43

Goodrite™ 3034 100 72 56

10 Table 5b: Photostability of carbon black pigmented PC/PBT plaques
containing HALS: weathering conditions (B)

HALS initial 60° | 60° Gloss at | 60° Gloss | 60° Gloss at
Gloss 1791 kJ at2211 kJ 2607 kJ

Control (none) 101 80 59 39

Good-rite™ 3034 100 90 72 52

Data in Tables 4, 5a and 5b indicates that incorporation of Goodrite™

piperazinone enhances photostability of the blends. - The enhanced. .
15  photostability is indicated by higher gloss values and lower Yl values.

The Yel'lowness Index of the TiO. pigmented BPA-PC/PCCD blend
containing HALS' is reported in Table 6, and the gloss values are reported in
Table 7a. Gloss values for the BPA-PC/PCCD blend containing carbon black
and HALS is reported in Table 7b.



-10- Table 1: Photostabili ty of polycarbonate cast filns containing HALS.

Sanpl e HALS initial Yl Yl at 3286 kJ Yl at 3702 kJ 1
Control (none) 0.8 4.8 - (failed) 2 Ti nuvin 770
2.0 2.4 3 Ti nuvin 765 0.8 2.2 2.7 4
Sanduvor 3058 0.8 2.5 3.3 5 GR 3034

1.9 2.2 [err] Structures of HALS iTTable 1 Exanpl e 2:

Photostability of

Table 6:

s Table 7a:

i nj ection-nol ded sanpl es contai ni ng HALS

Photostability of TiO, pigmented PC/PCCD plaques
containing HALS: weathering conditions { C)

0.

HALS initial Yl Ylat 1211 kJ Yiat 1868 kJ
Control (none) 9.9 18.3 27.6
Goodrite™ 3150 8.2 12.6 18.9

Photostability of TiO. pigmented PC/PCCD plaques
containing HALS: weathering conditions (C)

HALS initiat 60° 60° Gloss at 60° Gloss at
Gloss 1211 kJ 1868 kJ

Control (none) 101 90 58

Goodrite™ 3150 - 99 97 o1

Table 7b: Photostability of carbon black pigmented PC/PCCD plaques
containing HALS: weathering conditions (C)

10

HALS -~ initial 60° 60° Glossat | 60° Gloss at
Gloss 1974 kJ 2257 kJ

Control (none) 100 52 16

Goodrite™ 3150 100 72 47

9

The Yellowness Index of the TiO. pigmented BPA-PC/ABS blends
containing HALS are reported in Table 8.

Table 8:
15

r

Photostability of TiO, pigmented PC/ABS plaques
containing HALS: weathering conditions ( B)

HALS initial Y1 Yilat 1301 kJ | Ylat 2230
i kJ

Control (none) 9.2 15.0 29.7

Good-rite™ 3034 8.7 6.1 11.9

0.

9



Pol ycar bonat e powder was dried overnight at 60[err]Cin an oven prior to
extrusion. Sanples were dry blended with 2. 0% by weight of rutile Tierr]
and 1.0%5 by weight of the various HALS. The blends, in Tables 4, 5a and
5b consisted of BPA-PC and poly(1, 4- butylene terepht haI ate) (PBT)
(combined in a 70:30 ratio), rutile TiO (2.0% by weight) or carbon bl ack
(0.6% by wei ght added as a 25% master batchsin BPA-PC), Good-rite 3034 HALS
(1.0% by wei ght) and phosphorous acid (0.08% by weight). 10 Simlarly the
bl ends, in Tables 6, 7a and 7b, consisted of BPA-PC and pol y(1, 4-

cycl ohexanedi met handThel previnus! datexdemorsivatesx ek iths l{ﬁ"@ﬁb}’bs?f&%‘chynéddmﬂ a

wei ght added asPlRersginohgRard HAESHOEPAR fithrsidanl b VAo BRfas PR BN |
wei ght) and phopghor oghe aaGsbd-Ate®6? T:tmramo@bts) .impartédt rsugmfmatuol émgrovete
phosphorous acid 15 acts as a catal yst quencher to gue he residual

pol yneri zati on waathemhty tohHO:2 8g cadpe mw\teéblens\%ﬁf ﬁBAfPQ)W‘f'rF@B)P tHesi s
of the pol YC? .{‘gﬁé a(% {lﬁ% b\ﬁﬁ% ﬁfgh’é?é‘o@s vﬁfﬁ@f %hgut aﬁ""ﬂ"\iéllﬁ& relative to

transesterif acrylonitri i ene- styrene
consi sted of BPtheRﬁntrelsyrene acrylonitrile copolymer and butadi ene based

Example 3: Melt Stability

10 The previous examples demonstrate that Goodrite™ 3034 outperforms
other HALS in preventing color formation and loss of gloss in BPA-PC and
blends with BPA-PC. However, one must also consider the effect of HALS on
the physical properties. The basicity of most HALS results in degradation of
polycarbonate during processing and has generally precluded their use in

15 polycarbonate. Several N-alkylated and acylated versions of HALS have been
produced in an attempt to overcome this problem. Melt stability of the resins
should provide a direct indication of the degree of degradation and consequent
effect on physical propetties.

Melt stability was measured in a nitrogen purged RDS 7700 rheometer at

20 300°C using a fu;equency of 1 rad/sec on oven dried disks cut from injection
molded plaques. Changes in‘the dynamic rheological properties were measured-..
over a period of 45 min. The results are summarized in Table 10. The initial
viscocities of all of the samples containing HALS are lower than the control.
Tinuvin® 770 is the most basic of the amines and accordingly results in the

25 most degradation yet even the non-basic acylated amines (Tinuvin® 440 and
Sanduvor® 3058) caused significant degradation as evidenced by the drop in

viscocity during the course of the test. The formulations containing Goodrite™



hi gh rubber graft (conbined in a 67:16.5:16.5 ratio), rutile Tierr] (2.0%
by weight), 20 HALS (1.0% by weight), I|rgaphos-168 (0.3% by wei ght) and

‘I rganox-1076 (0.3% by weight). Both Irgaphos-168 and |Irganox-1076 were
added as processing stabilizers. The formul ati ons were bl ended by neans of
a m xer then conpounded on a ten barrel Werner & Pfliederer 30mm
co-rotating twn screw extruder. The 25 -qelletized formulations were dried
overnight in a 60[err]C oven then injection nolded on a Nissei 160 ton

nmol ding press into 1/8" thick plaques under standard conditions. The

pl agues were mﬁ@ﬁh@mﬂriﬂeﬂéimom #1143, é-ﬁtiaﬁnecancﬁ-myM&f(WclMﬁeﬁrio)]g 1- -12
- condition (A has a 160 min light cycle and a 20 m.n ark cycle w

wat er spray du?ﬁhﬁge@'ﬁmtf!%ﬁ 55 tetamatiydpiperazingnel. and s Gopdites 3158 ‘[’:He1 Same

asmthethlnf t he sane
baraneters as é bqﬁaﬁ{? #lﬁnsjf cycidfidlyifaino), F&ﬂghédlﬂﬁmé@s B35
pentamethylplperazmone] showed the least change in viscocity during the test.
5 The combination of processibility and 'weatherability of Goodrite™ 3034,
3150 and 3159 demonstrates that the piperazinone class is superior to other

commercial HALS in polycarbonate.

Table 10 : Melt Stability of Polycarbonate Containing Hindered Amines

10
HALS Viscocity (poise)

Initial min - Final

Control (none) 9700 9000 8900
Tinuvin® 440 6600 3900 2000
Tinuvin® 770 2300 880 470
Tinuvin® 622 5400 2400 980
Sanduvor®3058 | 3100 2600 1500
Goodrite " 3034 6300 5400 5200
Goodrite' " 3150 6700 5200 4600
Goodrite'" 3159 7800 5600 4800

%Q§N°M,, A e
i R)\N/Ika i >7<

Tinuvin® 622 GR3150: R =H: GR3159: R’ =CHs



Exarpl @ 1; weathering condition (C), was conducted in an Atl af chsd,ar ma BEEN

arc 5 V‘éather-Orreter[err] equi pped with type-S borosilicate ﬁgr{
Lan

outer filters. The light cycle was 160 minutes long at an irr (CED

0.77 Wnierr] at 340 nm black panel tenperature 70[err]C, dry bulb
tenperature 45[err]C, and wet bulb depressign 10[err]C. There was a 20
m nute dark cycle with water spray during the |last 15 m nutes. The
Yel | owness I ndex (Yl, ASTM D-1925) of the BPA-PC pl ac

HALS are reportg;i_AmSTabl es 2a and 2b. The Goodrite[er
out perform ot her HALS in prevent| ng color formation upH ﬂl‘@l“ﬂ]ﬁil'

I ndi cated by their | ower val ues in Tables 2a and 2b.
Photostability of Ti 0 nat e pl agues 15
contai ning HALS: vveaﬁer |'°%§Eéﬂ§§ﬂ?‘|é§@’q{sﬁ% HALS initial YI Yl at 2990
kJ- Yl at 3756 kJ Cont rol(a)( noaplycarbénate; and 16. 2 26.0 Tinuvin 440
3.4 9.9 1%. Ti n[Léw nLerrJ 770 ., 5.8 . 17.9 . : 25.7
Ti nuvi n[err]3622 4 ¢ (D) ne of a pipergzinone and piperazine dione based
HALS.
2. A composition of Claim 1 wherein:

(a) the polycarbonate comprises from about 95% to about
99.95% by weight of the total composition; and
10 (b) . the piperazinone or piperazine dione based HALS combrises from
about 5% to about 0.05% by weight of the total composition.
3. A composition of Claim 2 wherein HALS comprises from about
0.1% to about 1% by weight of the total composition.
4, A composition of claim 3 wherein, the polycarbonate is BPA
15 polycarbonate. .
5. A composition of Claim 4 wheréin the piperazinone or piperazine
dione based HALS is selected from:

Ft1 g’ \
I!l 0 RL‘FB <0 \ < ¥
R\E ﬁ U N ﬁs /R—N —(CHa)1-s—N N—~R?
| > K > 7 /\

i



Sanduvor 3058 5.6 12. 6 23.0 Good-rite[err] 3L $HIS SH PHA EEN |
8.0 13.2 Table 2b: Photostability of Ti Q2 pi‘gnented po yq&r ageB

pl aques contai ni ng HALS: weat hering conditions (B) HALS
Yl at 2106 kJ Yl at 2906 kJ Control (none) 5.0 10.6 23.5
Good-rite[err] 3150 4.3 6.8 14.0 Good-rite[err] 3159 5.1
6.8 14. 4 -13- The Goodrite] errlgo_i perazi nones al so provided the
best gloss retention in Tigerr] pignmented BPA-PC plaques as indicated by

t he higher gloss values in Tables 3a and 3b. d oss W

recorded using a BYK Gardner 5 micro tri glgess neter at
angle. The Goodrite[err] piperazinone HALS/l\ l
N N
R"JI\N/LR"
Formula IV
wherein:

s R'and R? are independently Cy4 alkyl, hydrogen, acyl, benzyl, Ci.1» haloalkyl,
Ci.12 alkyl, C2.14 alkenyl, unsubstituted C+.44 aralkyl, or carboalkoxy;
R? optionally also represents oxygen:
R® and R* independently represent Ci.1s haloalkyl, Cy.1s alkyl, Cs.1s cycloalkyl, Ca.
18 alkenyl, or unsubstituted Cy.1s aralkyl; or R® and R*, when taken together with
10  the carbon to which they are attached, form a Cs.i, alicyclic ring;
R® and R® are independently Cii haloalkyl, Ci1s alkyl, Cais alkenyl, or
unsubstituted Cy.1g aralkyl; or R® and R® when taken together with the carbon
atom to which they are attached, form a Cs.12 alicyclic ring;

ll
R” is Cy.00 alkyl, benzyl, -A-C-O-R” o

© {(CHyy; OH
15 . . RM .
R® is hydrogen;
R® and R* independently represent C.1s haloalkyl, Cy.1a alkyl, Cs.1s cycloalkyl, Cs.
18 alkenyl, or unsubstituted C.4s aralkyl; or R® and R'®, when taken together with

the carbon to which they are attached, form a Cs.4, alacyclic ring;

ThlS Sheet Has Been Reﬂlac




are al so'nore processable in BPA-PC and provide simlar benpt—inn_blends

with BPA-PC as described bel ow. Table 3a: Photostability of THISCBHEFT +AS BEEN

‘pi gment ed pol ycarb | m cont ai ni hg HABEFLALEDR

weat hering conditi immwm mm“l initial 60[err] B0 GUSSTat——
60[err] Goss at Adss® * -2056 kJ Control (none) 101
88 24 Tinuvin 440 101 94 49 Ti nuvin
770 101 91 27 Tinuvin 622 101

91 AR Saant\R'F @65Mdependeblly Ci.4g haloalkyloy.4s alkyl, Cz s 8lRenyl, or

Goodrite[err] 3034 abI

Phot ostabi lity &f“st%ﬂtaﬂ}a%bpr graglivh e %@I 9@%&) WQ?%‘%‘FBS %’o‘ﬁ‘?’hff}ﬁ CRIPRAL s:

weat heri ng Condlétbmamﬂﬁ’ahtﬁéysre attached, formacsm élicgbllcﬁﬁ{g?”] 60[ err]

doss at . 60 dogs at
Ré R1g

and are mdependently Cis alkyl wherein at least one of said groups is

s branched on the « carbon atom;

R' is C.0 alkyl;
R"7is
6 Rs
N(Cy g cyclo alkyl) (CHj);4 NR'8
. R3

R4
R"is H or Cy alkyl;
10 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.
6. A composition of Claim & wherein the HALS is a piperazinone
represented by:

Rs O RG R5

T S A

R—N  N—(CH)sN  N— |
: § R"J\ )\Rﬂ

s R i L NT -
. Formula {li Formula iV
wherein, R®, R*, R®, and R® are each methyl; R" is
6 Rs
N(Cyg cyclo alkyl) (CHy); 4 - NR1

3
R? R . and

This Sheet Has Been Re\il_aced :

(IR B




Corit r ol (none) —t02— 76 . 28 Goodrite[ ei ITHI@??@FT HAS BEEN |

103 ml te[err] 3159 103 40 gt
74 15 The Yelmim tl“! ﬁﬂ) the TiJerr] pigmented B 5{3 nd
containing HALS is wn STabl e’ 4, and the gl oss val ues are reported
in Table 5a. 4 oss values for the BPA- PC/ PB;E bl end cont ai ni ng carbon bl ack
and -14- HALS is reported in Table 5b. TRL color shift in the black
sanples is not reliably nmeasurable by the Yell owness I ndex and is,

therefore, not reportgdis faklcs, 4“% Photostability of Ti Q2 pignented PC/ PBT
bl end pl aques 5 ntai ning HALS: weat hering conditions ( B)
HALS i niZ.i &l compositiongof glaitn &) whergin dhe HALS kg acpiperazing dione)

5.8 11. 8represented byl9 8
R

5 Formula Il
wherein:
R® and R" independently represent methyl; or R® and R'®, when taken together
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
10 carbon atom to which they are attached, form a cyclohexyl ring.
8. A composition comprising:
(a) apolycarbonate;
(b) at least one of a piperazinone and piperazine dione
based HALS;
15 (c) an additive; and
(d) ablend stock.
9. A composition of Claim 8, wherein: _
(a) the polycarbonate comprises from about 38% to about 68% b\y‘
weight of the total composition;
20 (b) the_piperaiinone or piperazine dione based HALS comprises from
about 0.05% to about 5% by weight of the total composition;
(¢) additives comprise from about 0.01% to about 25% by weight of

the total composition; and

—_—

——

This Sheet Has Bee
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Goodri t e[ err.] 3034Mg 2 16. 3 TabfE=5as
Photostability of Ti Q2 pigmented P T bl end pl aques cont ‘% IMATSHAS. BEEN

"o ofe 1 e AP0 s Rt it T

101 “43" Goodri t e[ errg.3034 100 72

56 10 Tabl e 5b. Phot ostability of carbon bl ack pignmented PC PBT pl aques
containing HALS: weathering conditions (B) HALS initial 60 60[err]
A oss at 60[err] dd)ss theblend §tock capprgesdrars about A% 34 akdut 8986 Iy weight .
2607kJ Contr ol o 80 59 39 Good-rite[err]
3034 100 °'(@1§qu3'°°’9‘8&}‘? 52 Data in Tables 4, 5a and 5b

i ndi cates that i ncoimor A icompositiéio of Cldia] erwhereirpﬂmwmmsermmqm% to
i cat od by it ghaindghs EReEstaek colmerises B eboutaadiedo bodt 80% by weight of
s the total composmon.
11. A composition of Claim 10, wherein, the additives comprise at least
one of colorants, stabiliiers, impact modifiers, and processing aids. .
12. A composition of Claim 11, wherein the blend stock comprises at
least one of aromatic polyesters, aliphatic polyesters, and styrenic polymers.
10 13. A composition of Claim 12 wherein, the polycarbonate is BPA
polycarbofmate.
14. A composition of claim 13 wherein, the piperazinone or piperazine
dione based HALS is selected from:

1

. R12 l R‘IO

Z -~

g s A , and
Formula | Formula il : Formula il

i" )

[ )

R17J\N/LR17

Formula IV
20 I —
et Has Been Replaced
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The Yel |l owness I nd e Ti pi grrent ed BPA- PC/ PCCD bl efpea—teft-airi-ng .
HALS is reported in Table 6, an | oss val ues are reporté‘é)S SHEFabIAS HEEN -

“d oss val ues for thtl’ﬂ"m nd contai ning carbon bjack EPLAGES is
reported in Table 7 6: Photostability of querr
pi gnent ed PG/ PCCD pl aqués 'cortt aisni mg HALS: athering conditions ( C) HALS

initial Yl Yl at 1211 kJ- Yl at 1868 kJ Control (none) 9.9 .
18. 3 27.6 CGoodrite[err] 3150 82 12.6 18.9
5 Table 7a: whargiest ability of TiJerr] pigmented PG PCCD pl aques
contai ning HALS: ‘weathering conditions (C) HALS initial 60

60[err] d oss o' and [ate indepepdentlyt G124 alkyl, hydrogen, acyl, benzyl, Ci.4> haloalkyl,
Ci.12 alkyl, C2.14 alkenyl, unsubstituted C».4 aralkyl, or carboalkoxy;
R? optionally also represents oxygen; .

5 R®and R* independently represent Ci.1g haloalkyl, Cy.1s alkyl, Cs.s cycloalkyl, C..
1 alkenyl, or unsubstituted Cr.s aralkyl; or R® and R®, when taken together with
the carbon to which they are attached, form a Cs.4, alicyclic ring; _ .
R® and R® are independently Ci4 haloalkyl Ciys alkyl, Coys alkenyl, or
unsubstituted C,.1g aralkyl; or R® and R® when taken together with the carbon
10 atomto w!lich they are attached, form a Cs.4, alacyclic ring; |

ll
R is C10 alkyl, benzyl, -A-C-O-RP or

«CHy), OH
Rl4 .

R® is hydrogen;
R? and R' independently represent Cy.1s haloalkyl, Cy.1s alkyl, Cs.1s cycloalkyl, C..

15  1s alkenyl, or unsubstituted Cr.ss aralkyl; or R® and R'®, when taken together with
the carbon to which they are attached, form a Cs.1, alacyclic ring;
R" and R™ are independently Ci.e haloalkyl, Cis alkyl, C1s alkenyl, or
unsubstituted Cy.1s araalkyl; or R" and R™? when taken together with the carbon ~
atom to which they are attached, form a Cs.12 alacyclic ring;

20 R"™ and R™ are independently Cy, alkyl, wherein at least one of said groups is
branched on the = carbon atom;
R" is Cy.z0 alkyl;
RYis

heet Has Been Reﬁaced
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d ess 1211 kJ 1868 kJ Cont rol (none) 101 )
58 Goodrite[err] 3150 Q9 97 91 Tabl & T%S HfT HAS BEEN
“Photostability of carbon bl ack pignmented PC/ PCCD pl aques contaiai rm: AR

el e I o, o ) G

52 16 Goodritelerr] 3150 * 100 72 47 10 The
Yel | owness I ndex of the TiJerr] pignented2BPA- PC/ ABS bl ends cont ai ni ng
HALS are reported in Table 8. Table 8: Photostability of Ti(ferr]
pi gnent ed PC/ ABS pl aques 15 cont ai ni ng HALS: weat heri ng
conditions ( B) HALS initial RLR’YI at 1301 kJ Yl at 2230
Control (none) INEC, 5 cyclo alkyg&;gz)u N%g" 7

R* R?

R*is H or Cy alkyl;
A is a straight or branched chain (lower) alkylene having from 1 to 6 carbon
atoms optionally substituted with C-C¢ alkyl; and .
5 nrepresents an integer from 1 to 4. .
15. A composition of claim 14, wherein the HALS is a piperazinone

represented by'
R® RY
Hz—-N —(CHa)g-s—N N—R? NI/I\N ;
=T
R‘ J & ] N/ RY

Formula i Formula tV
10 - wherein, R?, R%, R®, and R® are each methy};

R"is
6 Rs
N(Cyg cycloalkyl) (CHp)y4-pn  NR'®
g} 3
: R K ana

R'™is H or Cy. alkyl.
16. A composition of claim 14 wherein the HALS is a piperazine dione
15 represented by :

_//

ed
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Good-rite[err] 3034 9.7 6.1 11.9 - 16-
data denonstrates that the benefit observed by addi ng piper

‘HALS to BPA-PC is translatable to various bl ends w th BPA-
Good-rite[err] piperazinones inparted significantly i

npr

~Fhe_previous

nTHISSEEPRERY BEF

PC. RERRACED

4

oved

weat herability to Ti Q2 and carbon pi gnented bl ends of BPA-PC with PBT, PCCD
5 or ABS as evidenced by the higher gloss values and | ower Yl val ues

relative to the controls. Exanple 3: Melt-%tability 10

The -previous

exanpl es denonstrate that Goodrite[err] 3034 outperforns other HALS in

properties. The basicity of npbst HALS

preventing color formation and | oss of gloss in BPA- Pcl_amlnummlm m“L
BPA- PC. However, one must al so conside:riﬁ ef fect of i* |

:ﬁ@n degr adat t orf of*
9

t
g0

S
11
n‘z?
RE

Formula Hl
wherein:

R® and R" independently represent methyl; or R® and R, when taken together

5 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.

17. A composition of. Claim 16 wherein, the polycarbonate is BPA

polycarbonate.

-
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polvycarbonate during processing and has generally precluded
pol ycarbonate. Several N-al kylated and acyl at ed versi ons of
‘produced in an attenpt to overconme this problem Mlt stabil '
resins should provide a direct indication of the degree of degradationa
consequent effect on physical properties. Melt stability was measured in a
nitrogen purged RDS 7700 rheoneter at 20 _300[err]C using a frequency of 1
rad/ sec on oven dried disks cut frominjection ol ded plaques. Changes in

t he dynam c rheol ogi cal properties were neasured over a period of 45 mn.
The resul ts ar pGLYORRBONATE'COMPOSHTONSICOMPRISING MINDERED AANES LigdHT of

t he sanpl es containing HALS are | ower than the control. Tinuvin[err] 770 is
the nost basic of the amines and accorthARINERSsults in the 25 nost
degradati on yet even the non-basic acylated amnes (Tinuvin[err] 440 and
Sanduvor 3058) caused significant degradation as evidenced by the drop in
viscocity during the course of the tesABSTRAGTor nul ati ons contai ni ng
Gbodrite[erg]

A0S 88

~

The instant invention relates to weatherable polycarbonate compositions
(formulations or blends) comprising piperazinone or piperazine dione based
HALS. These piperazinone or piperazine dione based ' HALS impart
photostability to the polycarbonate formulations, thereby reducing yellowing or

10 other forms of light induced degradation.

i



| 4803085
-17- 3034, CGoodrite[err] 3150

1,1",1"-[1,3,5-triazine-2,4,6-triyltris[(cyclohexylimno)]2,1- !Pﬁs
et hanedi yl]1]tris{3,3,5, 5-tetramethyl pi perazi none] and Goodrite 3159
1,1 ,1"- [1,3,5-triazine-2,4,6-triyltrjs[(cyclohe
_et hanedi yl]]tris-3,3,4,5, 5- pent amet h{1 pi per azi non

change in QLap@sity duri ng the test. 5 The c mﬂm
processi bi &\ée%/l and weat herability of Goodrite[err] y L 159

denonstr at Bt the pi perazinone class is superior to other com*rerm al
HALS in pohyA@bb@a@m@w c&ﬂ;hﬁsmglO: Melt Stability of Pol ycarbonate Cont aini ng

H ndered Am.nes 10 Vi scocity (poise) Initial mn
Fi nal Cont r?%)la R%E)O“ate 8780 9000 8900 Ti nuvi n 440 6600
3900 (BRQDSIpdraAiHundbaséd HALS seleéléd from: 880 470
R! Formula 1
!
N 0
Re YR
R?
—/ RE O R6 RS Formula (I
RS l E, : l .
RI—N N—(CHa).s—N N—RZ and
R¢ R3 O R¥ R*
Ri7 Formula [V
NTTON
|
Rn/l\ N )\Rl?
/

wherein: R' and R? are independently C,.4 alkyl, hydrogen, Cy.12 haloalkyt,
C..14 alkeny! or unsubstituted C;.q4 aralkyl;
R® and R* are independently Ci.4 haloalkyl, Cy.1s alkyl, Cs1s . cycloalkyl, Cs.1s
alkenyl, or unsubstituted C;.4s aralkyl; or R® and R*, when taken together with the
carbon to which they are attached, form a C,.44 alicyclic ring;

R® and R® are independently C,.,s haloalkyl, Ci.4s alkyl, Cx4s alkenyl, or
unsubstituted C;4s aralkyl; or R® and R® when taken together with the carbon atom
to which they are attached, form a C44; alicyclic ring;

REPLACEMENT SHEET|
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Ti nuvin 622 5400 2400 980 Sanduvor 3058 3100 2600
1500 Goodrite[err] 3034 6300 5400 5200—Goudrite[err] 3150 -

6700 - 5200 4600 Goodrite[err] 3159 7800

800
:[err] Tinuvin622 50: R =H m&m M“ “
18 - CLAIMS W claim 1. A conpositiolf conprisi ng Lycar benat e;, and

(b) a pi pﬁﬁﬁél none based HALS sel ected from

R6 RS

N(Ci4g cycloalkyh(CHz)14 NR“:, and

R18 isHorCia alkyl

2. A composition comprising:
(a) a polycarbonate;

(b) a piperazinone based HALS;
(c) an additive; and

(d) a blend stock;

said HALS being selected from:

R! Formula l
‘ :
N O

RS R3

Formula (It

R?2—N N—{CHs—N N—-RZ"lnd

r&.

R4 R3 O R?

RIF ) _ Formula IV

REPLACEMENT SHEET
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[err] wherein: Rlerr] and Rlerr] are independently &-ett]} Kyt nyarogen,

Jerr] haloalkyl, Cerr] alkenyl or unsubstituted C? d R4
are independently Cerr] haloal kyl, Cerr] alkyl, “mm M w
C err] alkenyl, or unsubstituted C[ err] boar al kyl ; or arr when

taken together with the carbon to V\/mch they are attached, forma (err]
alicyclic ring; Rerr] and Rerr] are |ndependently C[err] hal oal kyl ,

and R err) bpestinr Biar®, S inobettbity T M nid Bl Suprsbabiare |
attached, faikenyhor@ﬁnsub#nttatbd@ﬂtt aralkyig; -19 - Rerr] is [err] Rerr] is
Hor (ferr] al kyllls and R* are independently Cy.1s haloalkyl, Cy.4s alkyl, Cs.1s cycloalkyl, Cp.15

alkenyl, or unsubstituted C7.1s aralkyl; or R® and R*, when taken together with the

carbon to which they are attached, form a C,.44 alicyclic ring;

R® and R® are independently Cy.s haloalkyl, Cq.4s alkyl, Cz4s alkenyl, or
unsubstituted C;.4s aralkyl; or R® and R® when taken together with the carbon atom
to which they are attached, form a C,.44 alicyclic ring;

R is
o/ 6 w5
N{Ca.g cycloalkyl(CH2h-4 NR!& and
Q R+ R3

R is H or Cy alkyl.

Sheet Has Been Replaced

- 3. A composition of claim 1 wherein: ““Il“ II““ “ll lll |I|

(a) the polycarbonate comprises from about 95% to about

99.95% by weight of the total composition; and

(b) the piperazinone or piperazine dione based HALS
comprises from about 5% to about 0.05% by weight of the
total composition.

4. A composition of claim 3 wherein HALS comprises from about

0.1% to about 1% by weight of the total composition. CTHIS SHEET HAS BEEN, '

REPLACED

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

polycarbonate. REPLACEMENT SHEET
21 OCY 1398




2. A conposition conprising: (a) a pol ycér bonat e; (b)—a piperazinone based

HALS; (c) an additive; and (d) a blend stock; said HA ' I
from ferr] . Formul a nmmnmllm}\ﬁmmib
Rlerr] and Rlerr] are independently Clerr] alkyl, hydr . [

hal oal kyl, Clerr] al kenyl or unsubstitu®d C7-14 aralkyl; Rlerr] and Rlerr]
are independently Clerr] haloalkyl, Cerr] alkyl, (Jerr] cycloal kyl, Cerr]
al kenyl, or :unsubstituted Cferr] aral kyl; or Rlerr] and R4, when taken

t oget her' wi tthAgeapesitipn af elaimvhweareimibe HALS isw@rpipdradnorfeor ma (Jerr]

alicyclic riggresented by:

R® o} R6 RS Formula Il
RS. } /< } :
R?—N N—(CH;15s—N N—R2
R+ R3 O R; R¥
and
RY¥ Formula [V
A
N~ N
7/“\ )\
R! N R'7,
wherein, R%, R*, R®, and R® are each methyl; R" is
Ré RS
N{(C4gcyclo alky ) (CH2)4—N NR”‘} and
o rRé B
\/

is Sheet Has Been Reﬂlaced

I "

7. A composition of claim 2, wherein:
(a) the polycarbonate comprises from about 10% to about 99.9%
by weight of the total composition;

(b) the piperazinone or piperazine dione based HALS . THIS SHEET HAS BE EN
. 5 ) L: 1

comprises from about 0.05% to about 5% by weight of the REPLACED

total composition;

REPLACEMENT SHEET
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Rlerr] and Rl err] are independently Cferr] haloal kyl, ]
al kenyl, or unsubstituted CJerr] aralkyl; or Rerr] and Hmmﬂmm "E[Eﬁm
together with the carbon atomto which they are attached,*fdrmta € esr]«
alicyclic ring; Rerr] is [err] Rerr] is Hor (err] alkyl. 3. A
conposition of claim1l wherein: (a) th@zpol ycar bonate conprises from about

95% t o aboyg) %it%%:@bhgﬂéﬂﬁ&ﬁ_a@ﬁuﬁmm%%%o&(?mtiOn? and (b) the
pi perazi none based HALS conprises from about 5% to about 0.05% by wei ght of

the total cUHPRHLNthejptal 20mpOsiionpBaY tion of claim 3 wherein HALS conprises
from about @) h¥HichdPdiedkicolifriBys HEimEHBouLd% th8bdLR88Y, tRONPOSi tion. 5. A

conposition of claim4 wherein, the polycarbonate is BPA pol ycarbonate.
weight of the total composition.

8. A composition of claim 7, wherein HALS comprise from 0.1% to
1%, and the blend stock comprises from about 30% to about 60% by
weight of the total composition.

9. A composition of claim 8, wherein, the additives comprise at
least one of colorants, stabilizers, impact modifiers, and processing

_ aids.
%
10. A composition of claim 9, wherein the blend stock comprises
at least one of aromatic polyesters, aliphatic polyesters, and styrenic
polymers.
11. A composition of claim 10 wherein, the polycarbonate is BPA
polycarbonate.
12. A composition of claim 2, wherein the HALS is a piperazinone
represented by:
6 $ F la {II
U RS o) R R ormula
R2—N N—(CHyls—N - N—R?
R4 R3: O R R4
and
RI7 Formula IV
NN

REPLACEMENT SHEET
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-21 - 6. A conposition of claim1l wherein the HALS|s_a_p+-pe4La%|~Heﬁe—————
represented by: [err] wherein, Rerr], Rerr], Rerr], and err
methyl; Rerr] is [err] R[err] is Hor Cerr] alkyl. 7 Uﬁ

claim 2, wherein: (a) the polycarbonate conprises from
99. 9% by wei ght of the total corrposit1'%31“, (b) the pi pera2| none based HALS

conpri ses wHersiRFPUR® R°0BH4 RPakidh ntdpyipy Wei ght of the total conposition;
R"is

N{Csg cyclo alk)"l)(Cth-r-'N NR‘85and

R'™is H or Cy, alkyl.

REPLACEMENT SHEET
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- 22 - (c) additives conprise fromabout 0.01%to about 25% by wei ght of
the total conposition; and (d) the blend stock conprises fromabout 0%to
about *89% by wei ght of the total conposition. 8. A conposition of claim7,
wherein HALS conprise fromO0.1%to 1% and the bl end stock conprises from
about 30%to about 60% by weight of the total conposition. 9. A conposition
of claim8, wherein, the additives conprise at |east one of colorants,
stabilizers; inpact nodifiers, and processi 24 aids. 10. A conposition of
claim9, wherein the blend stock conprises at |east one of aromatic

pol yesters, ali paticarmSOMATECOMPOMITIOING COMPRISING HINDERED AMINE LIGHT
STABILIZERS

ABSTRACT

The instant invention relates to weatherable polycarbonate compositions
(formulations or blends) comprising piperazinone or piperazine dione based
HALS. These piperazinone or piperazine dione based HALS impart
photostability to the polycarbonate formulations, thereby reducing yellowing or

—/ 10 other forms of light induced degradation.

21 0CT 1999




pol ymers. TI1. A conposition of claim 10 - -wherein, the polycarbonate Iigdg !
pol ycar bon tion of claim 2, V\/nerel n the HALS is a
p+pera2|noamm sl mml [err] vvhereln ~Rlerr], Rerr], Rerr], and

Rlerr} are eaclr methyl;sR*er] is r_]2dR>_[err] is Hor Cerr] al kyl .

wherein: R' and R? are independently C,.,4 alkyl, hydrogen, Ci.y haloalkyl, Cy.s
alkenyl or unsubstituted C7-14 aralkyl; .

R® and R* are independently C,.1s haloalkyl, Cy.4s alkyl, Cs.1s cycloalkyl, Cps
alkenyl, or unsubstituted Cr.1s aralkyl; or R® and R*, when taken together with the
carbon to which they are attached, form a C,.4; alicyclic ring;

R® and R® are independently Cy.5 haloalkyl, Ci1s alkyl, C,.is alkenyl, or
unsubstituted C.qs aralkyl; or R® and R® when taken together with the carbon atom
to which they are attached, form a Cy.44 alicyclic ring;

R is

Ré RS
N(Ca.g cycloalkyl)(CH2)1-4 NR“‘}' and
Q R4 R3

R is H or Cq4 alkyl.

3. A composition of claim 1 wherein:

(a) the polycarbonate comprises from about 95% to about
99.95% by weight of the total composition; and

(b) the piperazinone based HALS '
comprises from about 5% to about 0.05% by weight of the
total composition. '

4. A composition of claim 3 wherein HALS comprises from about

0.1% to about 1% by weight of the total composition.

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

polycarbonate. REPLACEME T SHEET
27 FEB 2001
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6. A composition of claim 1 wherein the HALS is a pipérazinone
represented by:

RS 0 R6 RS Formula 111
S X
R2—N N—(CHz);.s—~N N—R2
R; R3 ' 0 R; R*
and
R? Formula [V

N N
|
Rl'r/k )\RII
N 7

wherein, R?, R*, R®, and R°® are each methyl; R" is

N(Cs-s éycfo alk)‘i)(CH;)l-4— N

R"is H or Cy alkyl.

7. A composition of claim 2, wherein:

(a) the polycarbonate comprises from about 10% to about 29.9% N
by weight of the total composition;

(b) the piperazinone based HALS :

comprises from about 0.05% to about 5% by weight of the

total composition;
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