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GLASS-FILLED FLAME RETARDANT POLYCARBONATE COMPOSITIONS

BACKGROUND

{0001 This disclosure relates to polycarbonate compositions, and in particular to glass-
filled flame-retardant polycarhonate compositions, methods of manufacture, and uses thercof in
thin-wall articles.

[0002] Polycarbonates are useful in the manufacture of articles and components for a
wide range of applications, from automotive parts to clectronic appliances. Because of their
broad use, particularly in electronics, it is desirable to provide glass-filled polycarbonate
compositions with excellent physical, and thermal propertics in an adequate processing window.
Such properties may be particularty difficult to achieve in thin-wall applications. In addition,
more stringent regulations arc being put in place to reduce or climinate the presence of halogens,
in particular fluorine, in the final products.

{0003] There accordingly remains a need in the art for flame-retardant polycarbonate
composifions suitabie for thin-wall applications. It would be a further advantage if the

cornpositions were essentially fluorine-free.

SUMMARY

[0004] The above-described and other deficiencics of the art are met by a polycarbonate
composition including: polycarbonate; a polycarbonate including repeating units derived from a
monomer including a pendant ester group; a non-halogenated flame retardant; glass fibers;
optionally, a poly(carbonate-siloxane) present in an amount effective o provide 4.5-10 wt%
siloxane repeating units, based on the total weight of the composition, and optionally, an
additive composition, wherein a sample of the composition has a UL-94 flame test rating of V-0
at a thickness of 1.5 mm or thinner.

[3005] In another aspect, a method of manufacture includes combining the above-
described components to form a polycarbonate composition.

[0006] In vet another aspect, an article includes the above-described polycarbonate
COMPOSIion.

[0007] In still another aspect. a method of manufacture of an article includes molding,
extruding, or shaping the above-described polycarbonate composition into an article.

[0008] The above described and other feanures are exemplified by the following detailed

description, examples, and claims.
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DETAILED DESCRIFTION

{3009] Polycarbonates are thermoplastic resins with many desirable properties, but are
inherently flammable. Current design trends are focused on thinner designs for purposes of
slimness, weight reduction, and size reduction of the overall final product, as well as to for the
purpose of more complex designs. However, polycarbonates tend to drip when exposed to a
flame, and this behavior worsens as the wall thickness decreases. The UL 94 flammability test
includes both short flame out times and no dripping of flaming particles as requirements for a V-
§ or V-1 flame test rating. Conventional compositions often incorporate fhiorine-based anti-drip
agents either alone or in combination with a non-halogenated flame retardant in order to pass the
ULS%4 flame test. Given that more stringent regulations are being put in place to reduce or
climinate the addition of halogenated materials, for example, per fluoroalkyl and polytiuoroalkyl
substances (PFAS), to the compositions used to make final products, there is a need in the art for
polycarhonate compositions that may achieve a V-0 or V-1 flame test rating for thin-walle
molded samples and/or thin films, while also minimizing and/or eliminating the addition of
PFAS into the polycarbonate compositions used to make the molded samples and/or thin films.

{00010] The inventors hereof have discovered that polycarbonate compositions
including: a polycarbonate, a polycarbonate comprising repeating units derived from a monomer
comypeising a pendant cster group; and optionally a poly{carbonate-siloxane); in combination
with a non-halogenated flame retardant may provide the desired flame retardance while
climinating the need for halogenated additives, such as fluorinated flame retardants and anti-drip
agents. Surprisingly, unlike conventional compositions, fluorinated anti-drip agents may be
omitted in the present polycarbonate compuositions, thus eliminating added fluorine while
providing improved flammability. Advantageousty, the polycarbonate compositions may have a
UL-94 flame test rating of V-0 at a thickness of 1.5 mi or thinner and be considered
“essentially fluorine-free.” As used herein, the phrase “essentially fluorine-free” means that the
amount of calculated intentionally added fluorine present in the composition is 1500 ppm or
fess, less than 1000 ppm, less than 500 ppa, less than 100 ppm, or less than 50 ppra. For
cxample, if 0.5 wt% encapsulated polytetrafluorocthylene, (e.g., TSAN, which is S0 wit% PTFE
and PFTE estimated to have 76 wi% fluorine content), the amount of calculated intentionally
added fluorine would equal 1900 ppm. Further, the polycarbonate compositions of the present
disclosure may have zero intentionally added fluorine.

[00011] In some aspects, the polycarbonate compositions may have a UL-94 flame test
rating of V-0 at a thickness of 1.5 mm or thinner and be considered “essentially halogen-free”

per IEC 61249-2-21 or UL 746H. As used herein, the phrase “essentially halogen-free” is as
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defined by IEC 61249-2-21 or UL 746H. According to International Electrochemical
Commission, Restriction Use of Halogen (JEC 61249-2-21), a composition should include 800
parts per million (ppm) or less of each of chlorine and bromine and also include 1500 ppm or
less of total bromine, chlorine, and fluorine content. According to UL 746H, a composition
should include 900 ppm or less of each of chlorine, bromine, and fluorine and 1500 ppm or less
of the total chiorine, bromine, and fluorine content. The bromine, chiorine, and fluorine content
in ppm may be calculated from the composition or measured by elemental analysis techniques.
Conventional non-halogenated flame retardants may include or exclude halogens, but commonly
employed anti-drip agents include PTFE-encapsulated styrene-acrylonitrile copolymers (e.g.,
TSAN) and thus include fluorine. Non-halogenated flame retardants that are not brominated,
chlorinated, or fluorinated have been used in conventional polycarbonate corapositions, but an
anti-drip agent is usually present in combination with the non-halogenated flame retardant,
causing the halogen content of the composition to exceed the 1500 ppm total halogen limit per
IEC 61249-2-2]1 and UL 746H. Similarly, when non-halogenated flame retardants that arve not
brominated or chlorinated, but are fluorinated are used in combination with a fluorinated anti-
drip agent, then the halogen content of the composition due to the presence of fluorine exceeds
the 1500 ppm total halogen limit per IEC 61249-2-21 or UL 746H. Therefore, it would be a
particular advantage if conventional anti-drip agenis could be minimized or eliminated, so that
the anti-drip agent does not contribute halogen content to the total halogen content of the
compositions. Accordingly, a variety of non-halogenated flare retardants that include or
cxclude halogens may be used in polycarbonate compositions so that the compositions may be
considered “‘essentially halogen-free” per IEC 61249-2-21 or UL 746H.

{GG012] The polycarbonate corpositions include a polycarbonate; a polycarbonate
including repeating units derived from a monomer including a pendant ester group; glass fibers;
optionaily a poly{carbonate-siloxane) in an amount effective to provide 0.5-10 wt% siloxane;
and a non-halogenated flame retardant. The individual components of the polycarbonate
compositions are described in detail below.

[00013] “Polycarbonate” as used herein rneans a polymer baving repeating structural

carbonate units of formula (1)

in which at least 60 percent of the total number of R groups contain aromatic moieties and the

balance thereof are aliphatic, alicyclic, or aromatic. In an aspect, each R is a Cs.50 aromatic
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group, that is, contains at least one aromatic moiety. R! may be derived from an aromatic
dihydroxy compound of the formula HO-R!'-OH, in particular of formula (2)

HO-A-Y'-A-OH ()
wherein each of A' and A” is a monocyclic divalent aromatic group and Y’ is a single bond or a
bridging group having one or more atoms that separate A’ from A% In an aspect, one atom
separates A' from A% Preferably, each R! may be derived from a bisphenol of formula (3)

(R, (R%,
N PN
HO-3~ ==Xt ==CH
K\//} L‘\\/ (3)

wherein R* and R" are each independently a halogen, Ci-1» alkoxy, or Ciiz alkyl, and p and q are
each independently integers of 0 to 4. It will be understood that when p or g is less than 4, the
valence of each carbon of the ring is filled by hydrogen. Also in formula (3), X® is a bridging
group connecting the two hydroxy-substituted aromatic groups, where the bridging group and
the hydroxy substituent of cach Cs arvlene group are disposed ortho, meta, or para (preferably
para) to each other on the Cs arylene group. In an aspect, the bridging group X® s single bond, -
O-, -S-, -S{(0)-, -S(O)2-, -C(0O)-, or a C1.q0 organic group. The organic bridging group may be
cyclic or acyclic, aromatic or non-aromatic, and may further include heteroatoms such as
halogens, oxygen, nitrogen, sulfur, silicon, or phosphorous. The Ci.e organic group may be
disposed such that the Cs arylene groups connected thercto are each connected to a comumon
alkylidene carbon or to different carbons of the Cy ¢ organic bridging group. In an aspect, p and
q is each 1, and R* and R® arc each a Cy.2 alkyl group, preferably methyl, disposed meta to the
bydroxy group on cach arylene group.

{00014] Other useful dihydroxy compounds of the formula HO-RI-OH include aromatic
dihydroxy compounds of formula (6)

Ry
i

GCOR (\EM(OHJZ
L~ ©

wherein each R® is independently a halogen atom, Cy.50 hydrocarbyl group such as a Cy.i0 alkyl,

a halogen-substituted Ci.10 alkyl, a Cs-10 aryl, or a halogen-substituted Ce 10 aryl, and nis G to 4.
The halogen is usually bromine.

{00015 Some illustrative examples of specific dihydroxy compounds include the
following: 4.4-dihvdroxybiphenyl, 1,6-dihydroxynaphthalene, 2,6-dihvdroxynaphthalene,
bis{4-hydroxyphenylimethane, bis{4-hydroxyphenyldiphenylmethane, bis(4-hydroxyphenyiy-1-

naphthylimethane, 1,2-bis{4-hydroxyphenyljcthane, 1,1-bis(4-hydroxyphenyl)-1-phenylethane,



WO 2024/252358 PCT/1IB2024/055604

2-(4-hydroxyphenvD-2-(3-hydroxyphenyDpropane, bis{4-hydroxyphenvDphenyimethane, 2,2-
bis(4-hydroxy-3-bromophenybpropane, 1,1-bis (hydroxyphenylicyclopentane, 1,1-bis(4-
hydroxyphenyljcyclohexane, 1,1-bis{(4-hydroxyphenyljisobutene, 1,1-bis(4-
hydroxyphenyheyclododecane, trans-2,3-bis(4-hydroxyphenyl)-2-butene, 2,2-bis(4-
hydroxyphenvhadamantane, alpha, alpha'-bis(4-hydroxyphenyDtoluene, bis(4-
hydroxyphenvhacetonitiile, 2,2-bis(3-methyl-4-hydroxyphenyDpropane, 2,2-bis(3-ethyl-4-
hydroxyphenybhpropane, 2,2-bis(3-n-propyl-4-hydroxyphenylpropane, 2,2-his(3-isopropyl-4-
bydroxyphenyUpropane, 2,2-bis(3-sec-butyl-4-hydroxyphenylipropane, 2,2-bis(3-t-butyl-4-
bydroxypbenylpropane, 2,2-bis(3-cyclohexyl-4-bydroxyphenylpropane, 2,2-bis(3-allyl-4-
hydroxyphenybpropane, 2,2-bis(3-methoxy-4-hydroxyphenylipropane, 2,2-bis(4-
hydroxyphenylihexafiuoropropane, 1,1-dichlore-2,2-bis(4-hydroxyphenybethylene, 1,1-
dibromo-2,2-bis(4-hydroxyphenyliethylene, 1,1-dichloro-2,2-bis(5-phenoxy-4-
hydroxyphenvhethylene, 4,4'-dihydroxybenzophenone, 3,3-bis(4-hydroxyphenyi)-2-butanone,
1,6-bis(4-hydroxyphenyl)-1,6-hexanedione, ethylene glycol bis(4-hydroxyphenyljether, bis(4-
hydroxyphenyljether, bis(4-hydroxyphenyljsulfide, bis(4-hydroxyphenylsultoxide, bis(4-
bydroxyphenylisubfone, 9.9-bis(4-hydroxyphenyDfluorine, 2,7-dihydroxypyrene, 6,6'-
dihydroxy-3,3,3,3'- tetramethylspiro{bis)indane ("spirobiindane bisphenol”), 3,3-bis(4-
hydroxyphenyhphthalimide, 2,6-dihydroxydibenzo-p-dioxin, 2,6-dihydroxythianthrene, 2,7-
dihydroxyphenoxathin, 2.7-dthydroxy-9,10-dimethylphenazine, 3,6-dihydroxydibenzoturan,
3,6-dihydroxydibenzothiophene, and 2,7-dihydroxycarbazole, resorcinol, substituted resorcinol
compounds such as S-methyl resorcinol, S-ethyl resorcinol, 5-propyl resorcinol, 5-butyl
resorcinol, S-t-butyl resorcinol, 3-phenyi resorcinol, S-cumyl resorcinol, 2,4,5,6-tetrafluore
resorcinol, 2,4,5,6-tetrabromo resorcinel, or the like; catechol; hydroquinone; substituted
hydroquinones such as 2-moethyl hydroquinone, 2-ethyl hydroguinone, 2-propyl hvdroquinone,
2-butyl hydroguinone, 2-t-butyl hydroquuinone, 2-phenyl hydroquinone, 2-cumyl hydroguinone,
2,3,5.6-tetramethyl hydroquinone, 2,3,3,6-tetra-t-butyl hydroquinone, 2,3,3,6-tetrafluoro
hydroquinone, 2,3,5,6-tetrabromo hydrogquinone, or the like, or a combination thercof.

[00016] The polycarbonates may have an intrinsic viscosity, as determined in chloroform
at 25°C, of 0.3 to 1.5 deciliters per gram (dl/gm), preferably (.45 to 1.0 dl/gm. The
polycarbonates may have a weight average molecular weight (Mw) of 10,000 to 200,000 g/mol,
preferably 20,000 to 100,000 g/mol, as measured by gel permeation chromatography {GPC),
using a crosslinked styrene-divinylhenzene column using polystyrenc standards and calculated
for polycarbonate. GPC sarnples are prepared at a concentration of 1 mg per ml, and are eluted

at a flow rate of 1.5 mi per minute.
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[00017] The polycarbonate of the polycarbonate compositions may have a glass
transition temperature of less than 155 °C, determined according to ASTM E1640-13 with a
1°C/min heating rate.

{00018] The polycarbonate compositions may include a homopolycarbonate (wherein
each R! in the polymer is the same). In an aspect, the homopolycarbonate in the polycarbonate
composition is derived from a bisphenol of formula (2), preferably bisphenol A, in which cach
of Al and A% is p-phenylene and Y' is isopropylidene in formula (2).

{00019] In some aspects, the polyearbonate is a bisphenol A homopolycarbonate. The
bisphenol A homopolycarbonate may have: a melt flow rate of 3-150, per 10 min at 300 °C and
a 1.2 kg load according to ASTM D1238-04 and a Mw of 15,000-40,000, g/mole, preferably
20,000-30,000 g/mole, each as measured as described above. In some aspects, the polycarbonate
includes a linear or branched bisphenol A homopolycarbonate. In some aspects, the
polycarhonate includes a linear bisphenol A polycarbonate homopolymer having a weight
average molecular weight of 26,000 to 40,000 grams per mole, preferably 27,000 to 35,000
grams per mole, as determined by gel permeation chromatography using polystyrene standards
and calculated for polyearbonate; or a lincar hisphenol A polycarbonate homopolymer having a
weight average molecular weight of 15,000 to 25,000 grarns per mole, preferably 17,000 to
25,006 grams per mole, as determined by gel permeation chromatography using polystyrenc
standards and calculated for polycarbonate; or a combination thereof.

[00028] The polycarbonate of the polycarbonate composition may inclade post-
consumer recycled polycarbonate ("PCR-PC™). PCR-PC is derived or recycled from
polycarbonate as described herein. PCR-PC may be recovered from a source after consumption.
In addition, PCR-PC may be recovered from post-consumer sources inciuding, but not limited
to, household appliance waste such as TV, air conditioner, washing machine, refrigerator, ete.
Regardless of the source, the recovered polycarbonate component may be similar or even
identical to the chemical composition of the corresponding original polycarbonate. In one
cxample, the polycarbonate may be derived from an optical disc. In another example, the PCR-
PC may be derived from a plastic bottle, such as a plastic beverage bottle. In contrast, virgin
polycarbonate polymers refer to polycarbonate polymers produced directly from petrochemical
feedstocks, such as natural gas or crude oil, which have never been used or processed before.
One possible difference between the original polycarbonate component used in the corgposition
of the invention and the PCR-PC is the presence of at least one impurity that is not present in the
original material. For example, one or more additives conventionally used in the mamfacture of

impact modified thermoplastics may be present as impurities. Additional frapurities may include
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processing residues such as lubricants, mold release agents, antistatic agents, stabilizers, light
stabilizers, flame retardants, metals {e.g., iron, alominum, and copper). In addidon, irapurites
may inciude polyurcthane particles that cannot be completely removed during the recovery
process. In some aspects, the level of impurities in the PCR-PC is less than about 5 wt%, or in
other aspects less than about 3 wi%, or in other aspects less than about 2 wit%. If present, the
tmpurities do not significantly affect the properties of the compositions described herein.

[00021] The polycarbonate(s) may be present, for example, from 10-95 wi%, 20-90
wt%, 30-90 wt%, 40-90 wi%, 50-90 wi%, 60-90 wt%, 60-70 wi%h, 20-60 wt%, 20-50 wt%, ot
20-40 wt%, based on the total weight of the polycarbonate composition. In some aspects, the
polycarbonate(s) may be present, for exampie, from 60-95 wt%, 65-95 wt%, 70-95 wit%, 70-90
wt%, 75-95 wit%. 75-90 wt%, 80-95 wt%h, 80-90 wt%, or 85-93 wi%, based on the total weight
of the polycarbonate composition.

[00022] “Polycarbonates” include homopolycarbonates (wherein each R' in the polymer
is the same) and copolymers including different R' moieties in the carbonate
(“copolycarbonates”), and copolymers including carbonate units and other types of polymer
units, such as ester units or siloxane units.

[00023] The polycarbonate cormpositions may include one or more poly(carbonate-
siloxance)s, also referred to in the art as polycarbonate-polysiloxane copolymers. The

polysiloxane blocks include repeating diorganosiloxane units as in formula (14}

'i(‘}‘

wherein each R is independently a €13 monovalent organic group. For example, R may be a €y

R e L2 e 5

(%

13 alkyl, Cias atkoxy, Cza3 atkenyl, Cas alkenyloxy, Cas cycloalkyl, Cas cycloalkoxy, Ts.ia
aryl, Cs1o aryloxy, Cras arylalkylene, Cr13 arylalkylenoxy, Cras alkylarylene, or U7
alkyvlarylencoxy. The foregoing groups may be fully or partially halogenated with fluorine,
chlorine, bromine, or 1odine, or a combination thereof. In an aspect, where a ransparent
poly{carbonate-siloxane) is desired, R is unsubstituted by halogen. Combinations of the
foregoing R groups may be used in the same copolymer.

{30024] The value of E in formula (10) may vary widely depending on the type and
relative amount of each component in the polycarbonate composition, the desired properties of
the composition, and like considerations. Generally, E has an average value of 2 to 1,000,

preferably 2 to 500, 2 to 200, or 2 to 125, 5 10 80, or 10 to 70. In an aspect, E bas an average
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value of 10 to 80 or 10 10 40, and in still another aspect, E has an average value of 40 to 80, or
40 to 70. Where L is of a lower value, e.g., less than 40, it may be desirable to use a relatively
larger amount of the poly(carbonate-siloxanc) copolymer. Conversely, where E is of a higher
value, e.g., greater than 40, a relatively lower amount of the poly(carbonate-siloxane) copolyvmer
may be used. A combination of a first and a second (o more) poly(carbonate-siloxane)
copolymers may be used, wherein the average value of E of the first copolymer is less than the
average value of E of the second copolymer.

{00025] In an aspect, the polysiloxane blocks are of formula (11)

R
=== Ar—Q ‘:}O Ar={r—

R .
E (1)

wherein E and R is cach as defined if formula (10); cach R may be the same or different, and is
as defined above; and Ar may be the same or different, and is a substituted or unsubstituted Cs3p
arvlene, wherein the bonds are directly connected to an aromatic moiety. Ar groups in formula
(11} may be derived from a Ce.3p dihydroxyarylene compound. for example a dihydroxyarylene
compound of formula (3} or (6). hhydroxyarylene compounds are 1,1-bis(4-hydroxyphenyl)
methane, 1,1-bis(4-hydroxyphenyl) cthane, 2,2-bis(4-hydroxyphenyl) propane, 2,2-bis(4-
hydroxyphenvl) butane, 2,2-bis(4-hydroxyphenyl) octane, 1,1-his(4-hvdroxyphenyl) propane,
1.1-bis{d-hydroxyphenyl) n-butane, 2,2-bhis(4-hydroxy-1-methylphenyl) propane, 1,1-bis{4-
bydroxyphenyl) cyelohexane, bis{4-hydroxyphenyl sulfide), and 1,1-bis(4d-hydroxy-t-
butylphenyl) propanc.

{00026] In another aspect, polysiloxane blocks are of formala (13}

R R
e O RS 104§ R~
® R
ED (13

wherein R and E are as described above, and each R” is independently a divalent €30 organic
group, and wherein the polymerized polysiloxane unit is the reaction residuc of its

corresponding dihvdroxy compound. In a specific aspect, the polysiloxane blocks are of formula

(14):
§ R
5. ! N
""’O""r,/-f —R i10 Séi"‘R - ;\TU“
M, R o R )

M,

[ Erul

{14)
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wherein R and E are as defined above. R® in forrula (14) is a divalent Cog aliphatic group. Each
M in formula {14) may be the same or different, and may be a halogen, cyano, nitro, Cig
atkylthio, Ci.g alkyl, C1x alkoxy, Cos alkenyl, {5 alkenyloxy, Cig cycloalkyl, Cig cycloalkoxy,
Ce1o arvl, Ceo aryioxy, Crp ara},kyi, Cr.z aralkoxy, Crn altkylaryl, or Craz alkylaryloxy,
wherein each nis independently 0, 1, 2, 3, or 4.

[00027] In an aspect, M is bromo or chioro, an alkyl such as methyl, ethyi, or propyl, an
alkoxy such as methoxy, ethoxy, or propoxy, or an aryl such as phenyl, chlorophenyl, or tolyl;
R is a dimethylene, trimethylene or tetramethylene; and R is a Ci.s alkyl, baloalkyl such as
trifluoropropyl, eyanoalkyl, or aryl such as phenyl, chloropheny! or tolyl. Tn another aspect, R is
methyl, or a combination of methyl and wifleoropropyl, or a combination of methyl and phenyl.

In still another aspect, R is methyl, M is methoxy, n is one, and R®is a divalent Cy1.5 aliphatic

group. Specific polysiloxane blocks are of the formula
R R —0 CH}! (E,LL Li)n—
Ry | i T I O 3,
mom@mk ?io %imaﬁwi\m;uom (\Pomg s; o *:E —(CH.) T”\\
¢ i s ' i
My R | R M, F (H*; CH K,/// o
(E-1) (14a), =R {14b),
r«ﬂ\ (EH; (;}{3 —
—0 (CH, 3808 (H«,—/—_\ 0—
f" 2T E —(CHys \ /
CHy | CHs
E-1 (14&_‘)

or a combination thercof, wherein E has an average value of 210 200, 2 t0 125, 510 125, 5 to
100, 5 to 50, 20 t0 80, or 5 1o 20.

[00028] Blocks of formula (14) may be derived from the corresponding dihydroxy
polysiloxane, which in turn may be prepared effecting a platinum-catalyzed addition between
the siloxane hydride and an aliphatically unsaturated monohydric phenol such as eugenol, 2-
atkylphenol, 4-aliyi-2-methyiphenol, 4-allyl-2-phenyiphenol, 4-allyl-2-bromophenci, 4-allyl-2-t-
butoxyphenol, 4-phenyl-2-phenyiphenol, 2-methyl-4-propyiphenol, 2-allyi-4,6-dimethylphenol,
2-allyl-4-bromo-6-methylphenol, 2-allyl-6-methoxy-4-methylphenol and 2-aliyi-4,6-
dimethyiphenol. The poly{carbonate-siloxane) copolymers may then be manufactured, for
example, by the synthetic procedure of European Patent Application Publication No. 0 524 731
Al of Hoover, page 5, Preparation 2.

[00029] Transparent poly(carbonate-siloxane) copolymers include carbonate units (1)
derived from bisphenol A, and repeating siloxane units (14a}, (14b), (14¢), or a combination
thereof (preferably of formula 144}, wherein E has an average value of 4 10 530, 4 t0 15,

preferably 5 to 15, more preferably 6 to 15, and still more preferably 7 to 10. The transparent
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copolymers may be manufactured using one or both of the tube reactor processes described in
U.S. Patent Application No. 2004/0039145A1 or the process described in U.S. Patent No.
6,723,864 may be used to synthesize the poly(carbonate-siloxanc) copolymers.

{00030] The poly(carbonate-siloxanc) copolymers may include 30 to 99 wi% of
carbonate units and 1 to 50 wt% siloxane units. Within this range, the poly{carbonate-siloxane)
copolymer may include 70 to 98 wt%, more preferably 75 to 87 wt% of carbonate units and 2 to
30 wt%, more preferably 3 to 25 wt% siloxane units.

{00031] The poly(carbonate-siloxane} copolymers may include 50 to 99 wt% of
carbonate units and | to 50 wt% siloxane vnits. Within this range, the poly(carbonate-siloxane)
copolymer may include 70 to 98 wi%, more preferably 75 to 97 wit% of carbonate units and 2 to
45 wt%, more preferably 3 to 10 or 30 to 45 wit% siloxane units.

1000321 In an aspect, a blend is used, in particular a blend of a bisphenol A
homopolycarbonate and a poly{carbonate-siloxane) block copolymer of bisphenol A blocks and
cugenol capped polydimethylsifoxane blocks, of the formula

H.C CH, GHs

i T2
Q)QO /(i I,,//\Er,(CH,;)Sﬁio 08y
; (N CH, 1;
gy OAT/

OCH,

wherein x is 1 to 200, preferably 5 to 83, preferably 10 to 70, preferably 15 to 65, and more
preferably 40 to 60; x s 1 1o 500, or 10 t0 200, and z is 1 to 1000, or 10 to 800. In an aspect, X is
110200, vis 1 to 90 and zis 1 to 600, and in another aspect, xi5s 2010 530, vis 10t0 30 and 2 15
45 to 600. The polysiloxane blocks may be randomly distributed or controlied distributed among
the polycarbonate blocks.

{00033] Poly(carbonate-siloxane)s may have a weight average molecular weight of 2,000
to 100,000 g/mol, preferably 5,000 to 50,000 g/rool as measured by gel permeation
chromatography using a crosslinked styrene-divinyl benzene column, at a sample concentration
of 1 milligram per milliliter, using polystyrence standards and calculated for polycarbonate.

{00034 ] The poly{carbonate-siloxane)s may have a melt volume flow rate, measured at
300°C/1.2 kg, of 0.1 to 50 cubic centimeters per 10 minutes {cc/10 min), preferably 2 to 30
cc/10 min, according to ASTM D1238-04. Combinations of the poly(carbonate-siloxane)s of
different flow propertics may be used to achicve the overall desired flow property.

{00035] One or more poly(carbonate-siloxane) copolymers may be included in the
polycarhonate compositions. The polycarbonate corpositions may inclade a poly{carbonate-
siloxane) copolymer having a siloxane repeating units of greater than 30 o 70 wt%, based on the

total weight of the poly(carbonate-siloxanc) copolymer. Within this range, the poly(carbonate-
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siloxane) roay have a siloxane repeating units of 35 to 70 wt%, or 35 to 65 wt%. As used herein,
“siloxane repeating vnits” of a poly(carbonate-siloxane) refers to the content of stloxane unis
based on the total weight of the poly{carbonate-siloxane). The polycarbonate compositions may
include a poly(carbonate-siloxanc) copolymer having a siloxane repeating units of greater than
10 to 30 wit%, based on the total weight of the poly{carbonate-siloxane). Within this range, the
poly(carbonate-siloxane) copolymer may have a siloxane repeating units of 15 to 25 wi%. The
polycarbonate compositions may include a poly{carbonate-siloxanc) copolymer having a
siloxane repeating units of 10 wi% or less, based on the total weight of the poly{carbonate-
siloxane). Within this range, the poly{carbonate-siloxane) copolymer may have a siloxane
repeating units of 4 to & wt%. The polycarbonate compositions may include two or more of the
foregoing.

[00036] When present, the poly{carbonate stloxanc) copolymers may be present in an
amount effective to provide 0.5-10 wit%, 0.5-8 wi%, 1-8 wi%, 2-8 wtY, or 4-8 wit% of siloxane
repeating units, cach based on the total composition. In an aspect, the polycarbonate
composifions exclude poly{carbonate siloxane)s.

100037 ] In addition to the polycarbonate and the optional poly{carbonate siloxane}, the
polycarbonate compositions include a polycarbonate including repeating units derived from a
monomer including a pendant ester group. The polycarbonate having pendant ester groups
includes a repeating unit derived from a bisphenol and a repeating unit derived from a monomer
including the pendant cster group. The monomer including the pendant ester group has the
structire of Formula (A) or Formula (BY:

(COOR),
% L(COOR),,

HO.,

(OH)q

[00038] In Formula (A) and Formula (B), cach occurrence of R and R’ is independently
Co-Cys alkyl; each of m, 11, p, and g is independentdy Qor I, m+n=1;p+q=1; and E1s C-Css
atkyl. In some aspects, R is a linear or a branched C»-Css alkyl group, preferably a branched Co-
U5 atkyl group. In some aspects, R is cthyl, isopropyl, sce-butyl, tert-butyl, or isopentyl
preferably ethyl or isopropyl, more preferably isopropyl. The a polycarbonate including

repeating units derived from a monomer including a pendant ester group may nclode repeating
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units derived from Formula (A), repeating units of Formuda (B), or a combination thereof. The
pendant ester groups in the polycarbonate may be the same or different. The polycarbonate may
be derived from Formula {A), Formula (B), or a combination thereof and the pendant ester
groups may be the same. The polycarbonate may be derived from Formula (A), Formula (B), or
a combination thereof and the pendant ester groups may be different. In some aspects, the a
polycarbonate including repeating units derived from a monomer including a pendant ester
group may include bisphenol A repeating units. In some aspects, the a polycarbonate including
repeating units derived from a monomer including a pendant ester group may inchude bisphenol
A repeating units and repeating units derived from a monomer of Formula (A), a monomer of
Formula (B), or a combination thereof, wherein the pendant ester groups include ethyl esters,
isopropyl esters, or a combination thereof. The polycarbonate(s) including repeating units
derived from a monomer including a pendant ester group may include a polysiloxane block as
described above. The polyearhonate including repeating units derived from a monomer
including a pendant ester group may inciude 1-99 mol%, 1-90 mol%, 1-75 moi%, 1-60 mol%, i-
50 mol%, 1-40 mol%, 1-30 mol%, 1-25 mol%, 1-20 mol%, 1-15 mol%, 1-10 mol%, or 1-5
mol% of ester repeating units, cach based on the total moles of monomers in the polycarbonate.
The a polycarbonate including repeating units derived from a monomer including a pendant
ester group may be present in the composition i an amount effective to provide §.1-5 mol%,
0.1-4.5 mol%, 0.1-4.0 mol%, 0.1-3.5 mo0i%,3.1-3.0 mol%, 0.1-2.5 mol%, 0.1-2.0 mol%, 1.0-5.0
mol%, or 2.0-4.0 mol% ester repeating units, each based on the total monomers in the
composition.

{G8039] The polycarbonate including repeating units derived from a monomer including
a pendant ester group may be oligomeric or polymeric, with a weight average molecular weight
ranging from 1,000 to 150,000 g/mol, each measured by GPC using polystyrene standards and
calculated for polycarbonate. Within this range, in some aspects, the polycarbonate inclhuding
repeating units derived from a monomer including a pendant ester group may have a Mw of
5,000 to less than 26,000 g/mol, or 5,000-20.000 g/mol, 5,000-15,000 g/mol, or 10,000-15,000
gfmol. In some aspects, the polycarbonate including vepeating units derived from a monomer
including a pendant ester group may have a Mw of 26,000-50,000 g/mol or 26,000-45,000
g/mol. In some aspects, the polycarbonate including repeating units derived from a monomer
including a pendant ester group may have a Mw of 50,000-150,000 g/mol, 75,000-150,000
g/mol, or 100,000-150,000 g/rool. As used herein, “using polystyrene standards and calculated
for polycarbonate™ refers to measurement of the retention time by GPC, fitting the retention time

value to a curve for polystyrene and calculating the molecular weight for polycarbonate.
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[{00040] Polycarbonates may be manufactured by processes such as interfacial
polymerizaton and melt polymerization. Although the reaction conditions for interfacial
polymerization may vary, an excmplary process generally involves dissolving or dispersing a
dibydroxy compound in aqueous NaOH or KOH, adding the resuliing mixture to a water-
immiscible solvent, and contacting the reactants with a carbonate precursor in the presence of a
catalyst such as, for example, a tertiary anmune or a phase transfer catalyst, ander controlied pH
conditions, €.2., 8 to 10. The watcr-immiscible solvent may be, for example, methylene chloride,
1,2-dichlorocthane, chlorobenzene, tohiene, and the like.

[00041] Exemplary carbonate precursors include a carbonyl halide such as carbonyl
bromude or carbonyl chloride (phosgene) a bishaloformate of a dihydroxy compound (c.g., the
bischloroformate of bisphenol A, hydroquinone ethylene giycol, neopentyl glycol, or the like),
and diaryl carbonates. A combination thereof may also be used. The diaryl carbonate ester may
be diphenyl carbonate, or an activated dipheny! carbonate having electron-withdrawing
substituents on each aryl, such as bis{(4-mtrophenylicarbonate, bis(Z-chlorophenylycarbonate,
bis(4-chlorophenyljcarbonate, bis{methyl salicyl)carbonate, bis{(4-methylcarboxylphenyl)
carbonate, bis(Z-acetylphenyl) carboxvlate, his{4-acetylphenyl) carboxylate, or a combination
thereof.

[00042] Among tertiary amines that may be used as catalysts in interfacial
polymerization are aliphatic tertiary amines such as tricthylamine and tributylamine,
cyeloaliphatic tertiary amines such as N,N-diethyi-cyclohexylamine, and aromatic tertiary
amines such as N,N-dimethylaniline. Among the phase transfer catalysts that may be used are
catalysts of the formula (R"Q'X, wherein each R’ is the same or different, and is a Cy.1p alkyl;
(3 is a nitrogen or phosphorus atom: and X is a halogen atom or a Cy¢ alkoxy or Us 15 aryloxy.
Exemplary phase transfer catalysts include (CH3(CH2)3)sNX, (CH3(CH ) uPX,
{CH3(CH2)s)aNX, (CH(CH ) uNX, (CHa(CH2)u uNX, CH3(CH3(CH )33 ):NX, and
CHa{CH3(CHao)aNX, wherein X is CF, Br, a Ci.g alkoxy or a Cs.15 aryloxy. An cffective
amount of a phase transfer catalyst may be 0.1 to 10 wi%, or 0.5 1o 2 wt%, cach based on the
weight of dibydroxy compound in the phosgenation mixture.

[00043] Alternatively, melt processes may be used to make the polycarbonates.
Generally, in the melt polymerization process, polycarbonates may be preparcd by co-reacting,
in a molten state, a dihydroxy reactant and a diaryl carbonate ester in the presence of a
transesterification catalyst. The reaction can be carried out in typical polymerization equipment,
such as a continuously stirred reactor (CSTR), plug flow reactor, wire wetting fall polymerizers,

free fall polymerizers, wiped film polymerizers, BANBURY mixcrs, single or twin scrow
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extruders, or a combination of the foregoing. Volatile monohydric phenol is removed from the
molien reactants by distillation and the polymer is isolated as a molten residue. Melt
polymerization can be conducted as a baich process or as a continuous process. In either case,
the melt polymerization conditions used may include two or more distinct reaction stages, for
cxample, a first reaction stage in which the starting dihivdroxy aromatic compound and diaryt
carbonate are converted into an oligomeric polycarbonate and a second reaction stage wherein
the oligomeric polycarbonate formed in the first reaction stage is converted to high molecular
weight polycarbonate. Such "staged” polymerization reaction conditions are especially suitable
for use in continuous polymerization systems wherein the starting monomers are oligomerized
in a first reaction vessel and the oligomeric polycarbonate formed therein is continuously
transferred to one or more downstream reactors in which the oligomeric polycarbonate is
converted to high molecular weight polycarbonate. Typically, in the oligomerization stage the
oligomeric polvearbonate produced has a muimber average molecular weight of 1,000 to 7,500
g/mol. In one or more subsequent polymerization stages the number average molecular weight
(Mn} of the polycarbonate is increased to between 8,000 and 25,000 g/mol (using polycarbonate
standard). Typically, solvents are not used in the process, and the reactants dihydroxy aromatic
compound and the diary] carbonate are in a molten state. The reaction teroperature may be
100°C 1o 350°C, preferably 180°C to 310°C. The pressure can be at atmospheric pressure, supra-
atmospheric pressure, or a range of pressures from atmospheric pressure to 15 torr in the initial
stages of the reaction, and at a reduced pressure at later stages, for example 0.2 to 15 torr. The
reaction time s generally 0.1 hours to 10 hours.

{60044 ] Catalysts used in the melt transesterification polymerization production of
polycarbonates may include alpha or beta catalysts. Beta catalysts are typically volatile and
degrade at elevated temperatures. Beta catalysts are therefore preferred for use at early low-
temperature polymerization stages. Alpha catalysts are typically more thermally stable and less
volatile than beta catalysts.

[00045] The alpha catalyst may include a source of alkali or alkaline carth ions. The
sources of these ions include alkali metal hydroxides such as lithium hydroxide, sodium
hydroxide, and potassium hydroxide, as well as abkaline carth hydroxides such as magnesium
hydroxide and calcium hydroxide. Other possible sources of alkali and alkaline earth metal ions
include the corresponding salts of carboxylic acids (such as sodium acetate) and derivatives of
cthylene diamine tetraacetic acid (EDTA) (such as EDTA tetrasodium salt, and EDTA
magnesium disodium salt). Other alpha transesterification catalysts include alkali or alkaline

earth metal salts of carbonate, such as Us2C0s3, NaHCOs, and NaxCOs, and the like, non-volatile
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inorganic acid such as NaHoP(Os, NaH2POy, NasHPO;, KHaPOy, CsHoPOs, CeaHPO4y, and the
like, or muxed salts of phosphoric acid, such as NaKHPO4, CsNaHPO,, CsKHPO., and the like.
Combinations including at fcast one of any of the foregoing catalysts may be used.

[00046] Possible beta catalysts may include a quaternary ammonium compound, a
quaternary phosphonium compound, or a combination thereof. The quaternary ammonium
compound may be a compound of the structure (R N*X", wherein each R* is the same or
different, and is 3 Cia0 alkyl, a Cyo0 cycloalkyl, or a a0 aryl; and X is an organic or inorganic
anion, for example a hydroxide, halide, carboxylate, sulfonate, sulfate, formate, carbonate, or
bicarbonate. Examples of organic quaternary amnonium compounds inchide tetramethyl
ammonium hydroxide, tetrabotyl ammomom hydroxide, teramethyl ammonium acctate,
tetramethyl ammonium formate, tetrabutyl ammonium acetate, and combination thercof.
Tetramethyl ammonium hydroxide is often used. The quaternary phosphonivm compound may
be a compound of the structure ( R” WP, wherein each R is the sare or different, and is a Cra
atkyl, a Cso0 cycloalkyl, or a Caoo aryl; and X is an organic or inorganic anion, for example a
bydroxide, phenoxide, halide, carboxylate such as acctate or formate, sulfonate, sulfate, formate,
carbonate, or bicarbonate. Where X is a polyvalent anion such as carbonate or sulfate it is
understood that the positive and negative charges in the quaternary ammoniim and
phosphonium structures are properly balanced. For example, where R* or RY are each methyl and
X is carbonate, it is understood that X~ represents 1/2(COs™). Examples of organic quaternary
phosphonium compounds include tetramethyl phosphonium hydroxide, tetramethyl
phosphonium acetate, tetramethyl phosphonium formate, tetrabutyl phosphonivm hydroxide,
tetrabutyl phosphonium acetate (TBPA), tetraphenyl phosphonium acetate, tetraphenyl
phosphonium phenoxide, and combination thereof. TBPA is often used.

[00047] The amount of alpha and beta catalyst used may be based upon the total number
of moles of dihydroxy compound used in the polymerization reaction. When referring to the
ratio of beta catalyst, for cxampie, a phosphonium salt, to all dihydroxy compounds used in the
polymerization reaction, U is convenient to refer 1o moles of phospbonium salt per mole of the
dihydroxy compound, meaning the number of moles of phosphonium salt divided by the sum of
the moles of cach individual dihydroxy compound present in the reaction mixture. The alpha
catalyst may be used in an amount sufficient to provide 1 x 107 to 1 x 10/ moles, preferably, 1 x
10 to 1 x 107 moles of metal per mole of the dihydroxy compounds used. The anount of beta
catalyst (e.g., organic anumonium or phosphonium salts) ray be 1 x 107 to 1 x 107, preferably 1
x 107 to 1 x 10 moles per total mole of the dihydroxy compounds in the reaction mixture.

Quenching of the transesterification catalysts and any reactive catalysts residucs with an acidic
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compound after polymerization is completed may also be useful in some melt polymerization
processes. Removal of catalyst residues or quenching agent and other volatile residues from the
melt polymerization reaction after polymerization is completed may also be useful in some melt
polymerization processes.

[00048] Branched polycarbonate blocks may be prepared by adding a branching agent
during polymerization. These branching agents include polyfunctional organic compounds
containing at keast three functional groups selected from hydroxyl, carboxyl, carboxylic
anhydride, haloformayl, and mixtures of the foregoing functional groups. Specific examples
include trimellitic acid, trimellitic anhydride, tris-phenol TC (1,3,5-tris{(p-
hydroxyphenyliisopropyhbenzene), tris-phenol PA (4(4(1,1-bis(p-hydroxyphenyl)-ethyl) alpha,
alpha-dimethyl benzylyphenol), 4-chloroformyl phthalic anhydride, trimesic acid, and
henzophenone tetracarboxylic acid. Combinations including livear polycarbonates and branched
polycarbonates may be vsed.

[00049] In some aspects, a particular type of branching agent is used to create branched
polycarbonate materials. These branched polycarbonate materials have statistically more than
two end groups. The branching agent is added in an amount (relative to the bisphenol monomer}
that is sufficient to achieve the desired branching content, that is, more than two end groups. The
molecular weight of the polymer may become very high upon addition of the branching agent,
and to avaid excess viscosity during polymerization, an increased amount of a chain stopper
agent may be used, relative to the amount used when the particular branching agent is not
present. The amount of chain stopper used is generally above 5 mol% and less than 20 mol%
compared to the bisphenol monomer.

[0005¢] Such branching agents include aromatic triacyl halides, for example triacyl

chiorides of formula (20}

i (2
wherein 7 is a halogen, Ci.3 alkyl, Ci.; alkoxy, Uy arylalkylene, Cr.a2 alkylarylene, or nitro,

and 7 is (0 to 3; a tri-substituted phenol of formula (21)
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(2D
wherein T is a Cy 20 alkyl, Cio0 alkoxy, Crz arylalkyl, or Cr2 alkylaryl, Y is a halogen, Cia
atkyl, C1.3 alkoxy, Cr12 arylalkyl, Cr.1z alkylaryl, or nitro, s is 0 to 4; or a compound of formula

(22 (isatin-bis-phenol).

}i‘i (22).
Examples of specific branching agents that are particularly effective in the compositions include
trimellitic trichloride (TMTC), tris-p-hydroxyphenylethane (THPE), and isatin-bis-phenol.

{00051] The amount of the branching agents used in the manufacture of the polymer will
depend on a number of considerations, for example the type of R! groups, the amount of chain
stopper, ¢.g., cyanophenol, and the desired molecuolar weight of the polycarbonate. In general,
the amount of branching agent is effective to provide 0.1 to 10 branching units per 100 R units,
preferably 0.5 to & branching units per 100 R’ units, and more preferably 0.75 to 5 branching
units per 100 R! units. For branching agents having formula (20), the branching agent is present
in an amount to provide 0.1 to 10 wiester branching units per 100 R units, preferably 0.5 to 8,
and more preferably 0.75 to § triester branching units per 100 R units. For branching agents
having formula (21}, the branching agent is present in an amount effective to provide 0.1 to 10
triphenyl carbonate branching units per 100 R! units, preferably 0.5 to 8, and more preferably
2.5 to 3.5 wiphenylcarbonate units per 100 R' units. In some aspects, a combination of two or
more branching agents may be used. Alternatively, the branching agents may be added at a level
of 0.0510 2.0 wt.%.

{00052 ] In an aspect, the polycarbonate is 3 branched polycarbonate including units as
described above; greater than or equal to 3 mole%, based on the total moles of the
polycarbonate, of moicties derived from a branching agent; and end-capping groups derived
from an end-capping agent having a pKa between 8.3 and 11, The branching agent may include
wrimellitic wichloride, 1.1, 1-tris(4-hydroxyphenyhethane or a combination of trimellitic

trichloride and 1,1, I-tris(d-hydroxyphenylethane, and the end-capping agent is phenol or a
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phenol containing a substituent of cyano group, aliphatic groups, olefinic groups, aromatic
groups, halogens, ester groups, ether groups, or a combination thereot. In a specific aspect, the
end-capping agent is phenol, p-t-butyiphenol, p-methoxyphenol, p-cyanophenol, p-cumylphenol,
or a combination thereof,

{00053 In some aspects, the polycarbonate compositions are substantially free of
branched polycarbonates. When present, branched polycarbonates are present in an amount
etfective o provide less than or equal to £.05 mol% branching, based on the total moles of
carbonate repeating units in the polyvcarbonate composition. Within that range, the branched
polycarbonates are present in an amount effective to provide less than or equal to 0.025 mol%,
less than or equal to 0.02 mol%, less than or equal to 0.015 mol%. less than or equal to 0.01
mol%, less than or equal to 0.005 mol%, or less than or equal to (.001 mol% branching, based
on the total moles of carbonate repeating units in the composition. In some aspects, the
polycarhonate compositions exclude branched polycarbonates.

[00054] An end-capping agent (aiso referred to as a chain stopper agent or chain
terminating agent) may be included during polymerization to provide end groups. The end-
capping agent (and thus end groups) are selected based on the desired propertics of the
polycarbonates. Exemplary end-capping agents are exemplified by monocyclic phenols such as
phenol and 1. alkyl-substituted phenols such as p-cumyl-phenol, resorcinol monobenzoate,
and p-and tertiary-butyl phenol, monoethers of diphenols, such as p-methoxyphenol, and alkyl-
substituted phenols with branched chain alkyl substituents having 8 to 9 carbon atoms, 4-
substituted-2-hydroxybenzophenones and their derivatives, aryl salicylates, monoesters of
diphenols such as resorcinol monobenzoate, 2-(2-hydroxyaryly-benzotriazoles and their
derivatives, 2-(Z-hydroxyaryl)-1.3,5-triazines and their derivatives, mono-carboxylic acid
chiorides such as benzoyl chloride, Ci.az alkyl-substituted benzoyl chloride, wluoyl chioride,
bromobenzoyl chloride, cinnamoyl chloride, and 4-nadimidobenzoyi chloride, polycychic,
mono-carboxylic acid chiorides such as {rimellitic anhydride chloride, and naphthoyl chloride,
functionalized chlorides of aliphatic monocarboxylic acids, such as acryloyl chloride and
methacryoyl chloride, and mono-chloroformates such as phenyl chloroformate, alkyl-substituted
phenyl chloroformates, p-cumyl phenvl chloroformate, and toluene chloroformate.
Combinations of different end groups may be used.

{00055] The polycarbonate compositions include a non-halogenated flame retardant. In
an exemplary aspect, the polycarbonate compositions avoid the use of fluorinated flame
retardants such as Rimar salt and brominated flame retardants such a brominated polycarbonate

copolymers. Inorganic non-halogenated flame retardants may be used, for example salts of
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aromatic sulfonates such as sodium benzene suffonate, sodium toluene sulfonate (NATS), and
the like, salts of aromatic sulfone sulfonates such as potassium diphenylsuifone sutfonate (KS8S),
and the like; salts formed by reacting for example an atkali metal or alkaline earth metal {e.g.,
lithium, sodium, potassium, magnesium, calcium and barium salts) and an inorganic acid
complex salt, for example, an oxo-anion {e.g., alkali metal and alkaline-carth metal salts of
carbonic acid, such as NaxUOs, KoCGs, MgCOs, CaCls, and BaCO,, K35 and NATS, alone or
in combination with other non-halogenated flame retardants, are particularly useful. Exemplary
amounts of an aromatic sulfone subfonate salt may be 0.01 to 1.0 wit%, or 0.1 to 0.6 wt%, bascd
on the total weight of the polycarbonate composition.

[{30056] The polycarbonate compositions may inciude an organophosphorous flame
retardant. In the aromatic organophosphorous compounds that have at least one organic aromatic
group, the aromatic group may be a substituted or unsubstituted Csap group containing one ot
more of a monocyclic or polycyclic aromatic moiety (which may optionally contain with up to
three heteroatoms (N, O, P, S, or 5i}} and optionally further containing one or more nonaromatic
maoieties, for exampie alkyl, alkenyl, alkynyl, or cycloalkyl. The aromatic moiety of the aromatic
group may be directly bonded to the phospborous-containing group, or bonded via another
moiety, for example an alkylene group. The aromatic moicty of the aromatic group may be
directly bonded to the phosphorous-containing group, or bonded via another motiety, for
example an alkylene group. In an aspect the aromatic group is the same as an aromatic group of
the polycarbonate backbone, such as a bisphenol group (e.g., bisphenol A), a monoarylene group
{e.g., a 1, 3-phenviene or a 1,4-phenylene), or a combination including at least one of the
foregoing.

{00057] The phosphorous-containing group may be a phosphate (P(=03(0R)3),
phosphite (P(OR )}, phosphonate (RP(=0)0OR),), phosphinate (R.P(=0)0OR)), phosphine oxide
(RsP(=0)), or phosphine (RsP), wherein each R in the foregoing phosphorous-containing groups
may be the same or different, provided that at least one R is an aromatic group. A combination
of different phosphorous-containing groups may be used. The aromatic group may be dirvectly or
indirectly bonded to the phosphorous, or to an oxygen of the phosphorous-containing group (ie.,
an ester).

[00058] The organophosphorous flame retardant may include an oxaphosphorinoxide of

the Forrula (23) below.
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[00059] In Formula (23), the phosphorous atom and one oxygen atom are part of a cyclic
structure, for example, a five or six membered ring and g is at least two. Each Aris
independently Ce.is aryl, preferably benzene, which is optionally substituted with a Cig
hydrocarbyl group, or a Ciashydrocarhyloxy group (e.g., -O-hydrocarbyl). When n and p are
each 0 and m is 1 (“mono-DOPO” type compounds), then R? is hydrogen, C1-Cis atkyl, Csu0
cycloalkyl, (Cis alkyDCsp cyeloatkyl, Corg aryl, (CisalkylDCsis arvl, Ciaz beteroaryl, or (Cis
alkyDCan heteroaryl. In the foregoing groups at least one hydrogen atom of these groups may
be substituted with a group having an N, S, O, or I atom. As used herein, “(Cis alkyDHCaap
cycloalkyl” refers to a cycloalkyl group attached to an alkylene group, “(Ci.s alkyliCe.ig aryl”
refers to an aryl group attached to an alkylene group, and “(Ci6 alkyYCa12 heteroaryl” refers to a
heteroaryl group attached to an alkylene group. In any of the alkyl or cycloatkyl groups of R%,
any carbon-carbon single bond is optionally replaced by a carbon-carbon double or tiple bond,
and any methylene is optionally replaced by O, S, S(=0), C(=0), P(=0), or NR'®, wherein R'"" is
hydrogen or Ci6 alkyl, and any methylene is optionally suhstituted with a group having an N, §,
3, or F atom.

[00060] In Formula (23), when n and p are each 1 or more and m is O ("Di-DOPO” type
compounds), then X is C1-Cyg alkylidene, Csaocycloalkylidene, Ce.is arylene, Ciaz
heteroarylene, a group derived from Fornla (3), or a group represented by -L'-X’-1%-. The L
and L2 linker groups are each independently a single bond, C1-Cis alkylidene, or a Caao
cycloalkylidene, where any carbon-carbon single bond is optionally replaced by a carbon-carbon
double or triple bond, and any methylene is optionally replaced by O, S, S(=0), C(=0), P(=0),
or NR'9, wherein R is hydrogen or Cialkyl, and any methylene is optionally substituted with
a group having an N, 5, O, or IF atom. X is C1-Chg alkyhdene, Csapcycloalkyiidene, Coag
arylene, Ca12 heteroarylene, or a group derived from Formula (3).

100061 | Specific examples of an oxaphosphorinoxide include 9,10-dihydro-9-ox0-10-
phosphaphenanthrene-10-oxide (23a, “DOP(”), commercially available as from SANKO CO.,
LTE., under the trade name Sanko-HCA, 3-(6-oxidodibenzoic.clf 1,2 joxaphosphinin-6-
yvhpropanamde {23b, “"AAM-DOPG™), and 6-[(1-oxido-2,6,7-trioxa-1-
phosphabicyclo2.2.2 Joct-4-yhmethoxy-6-oxide (23¢, “DOPO-PEPA™).
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(23¢)

wherein Ar' is Cs.is heteroaryl or Ceis aryl, each instance of R? is independently hydrogen, Ciag
alkyl, Ca.is heteroaryl or Ces arvl, each instance of R' is independently Ci.13 alkyl, Ca.is
heteroaryl or Cs.garyl, and any hydrogen atom on an aryl or heteroaryl ring may be optionally
substituted with a Cy.15 alkyl group. An exemaplary Di-DOPO compound is HTP-6123G,
comyercially available from GUIZHOU YUANYI MINING GROUP CO.

[00063] In an aspect, the aromatic organophosphorous compound is a8 monomeric
phosphate. Representative monomeric aromatic phosphates are of the formula (GORP=0,
wherein each G is independently an alkyl, cycloalkyl, aryl, alkylarylene, or arylalkylene group
having up to 30 carbon atoros, provided that at least one G is an aromatic group. Two of the G
groups may be joined together to provide a cyclic group. In some aspects G corresponds o a
monomer used to form the polycarbonate, ¢.g., resorcinol. Exemplary phosphates include phenyl
his{(dodecyl) phosphate, phenyl bis(neopentyl) phosphate, phenyl bis(3,3,5'-trimethylhexyl)
phosphate, ethyl diphenyl phosphate, 2-ethylhexyl di(p-tolyl) phosphate, bis(2-ethylhexyl) p-
tolyl phosphate, tritolyl phosphate, bis(Z-ethylhexyl) phenyl phosphate, tri{nonylphenyl)
phosphate, bis(dodecyl) p-tolyl phosphate, dibutvl phenyl phosphate, 2-chloroethyl diphenyl
phosphate, p-tolyl bis(2,5,5-wimethylthexyl) phosphate, 2-cthylhexyl diphenyl phosphate, and
the {tke. A specific aromatic phosphate is one in which each & is aromatic, for example,
triphenyl phosphate, tricresyl phosphate, isopropylated triphenyl phosphate, and the like.

{00064 Di- or polyfunctional aromatic organophosphorous compounds are also useful,

for example, compounds of the formulas

O
TR
O PG
o N B U B () G
H ) 0 < >—\A< . I
G0 G:O.__.F 3_/ o P oG I} o]
i i ! ‘ 2 “ 8) ” O E'!) I_‘,7
N G =pP—0 —P-G-
G? . ; ! ;
m - =0 and G2 2

. 1 s P ..
wherein each G is independently a Ciap hydrocarbyl; each G is independently a Ciao
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bydrocarbyl or hydrocarbyloxy; X* is as defined in forroula (3) or formula (4); each X is
independently a bromine or chiorine; mis O to 4, and nis 1 to 30. In a specific aspect, X*is a
single bond, methylene, isopropylidene, or 3,3, 5-trimethylcyclohexylidene.

{00063 Specific aromatic organophosphorous compounds are inclusive of acid esters of

formula (9)

o Q
R6(3), =P O-X~-0-P (O, R0
{O),R'° (O)RS

4 (9)

wherein each R® is independently Ci alkyl, Cs.scycloalkyl, Cezo aryl, or Cr.12 arvialkylene,
each optionally substituted by Ci.12 alkyl, specifically by Ci alkyl and X is a mono- or poly-
nuclear aromatic Ce.zo moiety or a linear or branched Ca.3o aliphatic radical, which may be OH-
substituted and may contain up to 8 ether bonds, provided that at least one R'¢ or X is an
aromatic group; each n is independently 0 or 1; and g is from 0.5 to 30. In some aspects cach R'
ts independently Ci.4 alkyl, napbthyl, phenyl{C;palkylene, aryl groups optionally substituted by
Cia alkyl; each X is a mono- or poly-nuclear aromatic Ceap motety, each nis 1 and q 1s from
{1.5 to 30. In some aspects cach R'® is aromatic, e.g., phenyl; each X is a mono- or poly-nuclear
aromatic Ces.3¢ moicty, including a moiety derived from formula (2); n is one; and q is from 0.8
to 15. In other aspects, each R*® is phenyl; X is cresyl, xylenyl, propyiphenyl, or butylphenyl,

one of the following divalent groups

O OO QD

or a combination including one or more of the foregoing; nis 1; and g is from 1 to 5, or from 1

to 2. In some aspects at least one R'® or X corresponds to a monomer used to form the
polycarbonate, ¢.g., bisphenol A, resorcinol, or the like. Aromatic organophosphorous
compounds of this type include the bis(dipbenyl) phosphate of hydroguinone, resorcinol
bis(dipheny! phosphate) (RDP), and bisphenol A bis{diphenyl) phosphate (BPADP), and their
oligomeric and polymeric counterparts.

[00066] The organophosphorous flame retardant containing a phosphorous-nitrogen
bond may be a phosphazene, phosphonitrilic chloride, phosphorous ester amide, phosphoric acid
amide, phosphonic acid amide, phosphinic acid amide, or tris{aziridiny!) phosphine oxide. These

flame-retardant additives are commercially available. In an aspect, the organophosphorous flame
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retardant containing a phosphorous-nitrogen bond is a phosphazene or cyclic phosphazene of the

R'\&/
i
I P
N
R w2

wherein wl is 3 t0 10,000; w2 is 3 to 25, or 3 to 7; and each RY is independently a Cy1.12 alkyl,

formulas

Oor

alkenvl, alkoxy, arvl, arvloxy, or polyoxyalkylene group. In the foregoing groups at Icast one
hydrogen atom of these groups may be substituted with a group having an N, S, O, or F atom, or
an aminoe group. For example, each RY may be a substituted or unsubstituted phenoxy, an amino,
or a polyoxyalkylene group. Any given RY may further be a crosslink to another phosphazene
group. Exemplary crosslinks mclude bisphenol groups, for exaraple bisphenol A groups.
Examples include phenoxy cyclotriphosphazene, octaphenoxy cyclotetraphosphazenc
decaphenoxy cyclopentaphosphazene, and the like. In an aspect, the phosphazene has a stracture

represented by the formula

o </__\>

[00067] Commercially available phenoxyphosphazenes having the aforementioned
structures are LY 202 manufactured and distributed by Lanyin Chemical Co., Lid, FP-110
manufactured and distributed by Fushimi Pharmaceutical Co., Ltd, and SPB-100 manufactured
and distributed by Otsuka Chemical Co., Lid.

[00068] A cyclic siloxane, which also acts as a flame retardant, may also be used. Cyclic
siloxanes have the general formula [(R):S10]; wherein R is a monovalent hydrocarbon or
fluorinated hydrocarbon having from 1 to 18 carbon atoms and vy is a number from 3 to 12. A
useful cyclic siloxane is octaphenyleycioteirasiloxane. In some aspects, the polycarbonate
composition cxcludes a cychic siloxane.

[00069] When the non-halogenated flame retardant inchides an organophosphorous
flame retardant, the organophosphorous flame retardant may be present in an amount effective to
provide 0.03-3 wt%, (.05-2.5 wt%, (.05-2.0 wt%, 0.05-1.8 wt%, 0.03-1.5 wi%, 0.05-1.0 wit%,
0.05-0.8 wt%, 0.03-0.6 wt%, or 0.03-0.5 wi% phosphorous, each based on the total weight of

the composition.
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[00070] The polycarbonate cormpositions minimize or eliminate conventional anti-drip
agents, in particular fluorinated anti-drip agents. Anti-drip agents include, for example, a fibril
forming or non-fibril forming fluoropolymer such as polytetratiuoroethyiene (PTFE). The anti-
drip agent can be encapsulated by a rigid copolymer, for example styrene—acrylonitrile
copolymer (SAN). PTVFE encapsulated in SAN is known as TSAN. An TS AN comprises 50 wit%
PTFE and 50 wt% SAN, based on the total weight of the encapsulated fluoropolymer. The SAN
can comprise, for example, 75 wt% styrene and 25 wt% acrylonitrile based on the total weight
of the copolymer. In some aspects, the fluorinated anti-drip agent is present in an amount
effective to provide 0.15 wit% or less fluorine to the total composition. In some aspects, a
fluorinated anti-drip agent is exchided from the polycarbonate compositions.

[00071] The polycarbonate compositions include glass fibers. Glass fibers may include
E, A, C, ECR, R, 8, D, or NE glasses, or the like. The glass fibers made by bonding or non-
bonding, or a combination thereof. The glass fibers may be continuous and chopped carbon
fibers or glass fibers The glass {iber may be virgin glass fiber or may be derived from recycled
sources. Recycled glass fiber may be post-consumer or post-industrial recycled glass fiber.

{00072] The glass fihers can be coated with a layer of metallic material to facilitate
conductivity, or surface treated with silanes to improve adhesion and dispersion with the
polymer matrix. In addition, the glass fibers can be provided in the form of monofilament or
multifilament fibers and can be used individually or in combination with other types of fiber,
through, for example, co-weaving or core/sheath, side-by-side, orange-type or matrix and fibril
constructions, or by other roethods known to one skilled in the art of fiber manufacture. Co-
woven structures inciude glass fiber-carbon fiber, carbon fiber-aromatic polyimide (aramid)
fiber, and aromatic polyimide fiberglass fiber or the like.

{00073] The glass fibers can be of any cross-sectional shape, for example round, square,
ovoid, or irregular. The glass fibers can have an average largest diameter from 1 micrometer (0 1
millimeter, or from 1-500 micrometers. The glass fibers can be supplied in the form of, for
cxample, individual fibers, rovings, woven fibrous reinforcerents, such as 0-90 degrec fabrics
or the like; non-woven fibrous reinforcements such as continuous strand mat, chopped strand
mat, tissucs, papers, felts, or the like; or three-dimensional reinforcements such as braids.

[00074] The glass fibers can be present from 3-43 wi%, 5-35 wi%, 5-30 wit%, 53-25 wt%,
5-20 wt9%, 5-15 wt%, or 9-35 wt%, 9-30 wt%, 9-25 wi%, 9-20 wt%, 9-15 wt%, or from 9-12
wt%, cach based on the total weight of the polycarbonate composition, which sums to 100 wt%.

[30075] The polycarbonate composition may include various additives ordinarily

incorporated into polymer compositions of this type, with the proviso that the additive(s) are
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selected so as to not significandy adversely affect the desired properties of the polycarbonate
composition, in particular flame resistance, impact resistance and the melt volume rate. Such
additives may be mixed at a suitable time during the mixing of the cormponents for forming the
composition. Additives include antioxidants, heat stabilizers, light stabilizers, ultraviolet (UV)
light stahilizers, plasticizers, lubricants, mold release agents, antistatic agents, colorants such as
such as ttanium dioxide, carbon black, and organic dyes, surface effect additives, and radiation
stabilizers. A combination of additives may be used, for example a combination of a heat
stabilizer, mold release agent, and ultraviolet light stabilizer. In general, the additives are used in
the amounts generally known to be effective. For example, the total amount of the additives
(other than any tmpact modifier, filler, or reinforcing agents) may be 0.01 to 5 wt%, based on
the total weight of the polycarbonate composition.

{00076/ In some aspects, the polycarbonate compositions include a polycarbonate
composition including a bisphenol A homopolycarbonate and a polycarbonate including
bisphenol A carbonate units and repeating units derived from a monomer including a pendant
cster group, based on the total weight of the polycarbonate composition; and an
organophosphorous flame retardant present in amount effective to provide 0.05-1.0 wt%
phosphorous.

[30077] In some aspects, the polycarbonate compositions include a polycarbonate
composition including a bisphenol A homopolycarbonate and a polycarbonaie including
bisphenol A carhonate units and repeating units derived from a monomer including a pendant
cster group, based on the total weight of the polycarbonate composition; and an
organophosphorous flame retardant present in amount cffective to provide 0.85-3.0 wt%, or
0.05-2.0 wt% phosphorous.

[00078] In some aspects, the polycarbonate compositions include a polycarbonate
composition including a bisphenol A homopolycarbonate and a polycarbonate including
bisphenol A carbonate units and repeating units derived from a monomer including a pendant
ester group, based on the total weight of the polycarbonate composition; and 0.01 10 1.0 wt% of
an aromatic sulfone sulfonate, preferably potassium diphenylsulfone sulfonate.

[00079] The polycarbonate compositions may have ultra-iow halogen content. As used
herein, “ultra-low chlorine and/or bromine content” refers to materials produced without the
intentional addition of chlorine or bromine or chlorine or bromine containing materials. It is
understood however that in facilities that process multiple products a certain amount of cross
contamination may occur resulting in bromine or chlorine levels typically on the parts per

million by weight scale. With this understanding it may be readily appreciated that “ultra-low
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chlorine ot bromine content” may be defined as having a bromine or chlorine content of less
than or equal to 100 parts per million by weight {ppm), less than or equal 10 75 ppm, or less than
or equal to 50 ppm. In some aspects, “ultra-low chlorine and bromine content” means a total
bromine and chlorine content of less than or equal to 100 parts per million by weight, or less
than or equal to 75 ppm, or less than or equal to 50 ppm. When this definition is applied to the
non-halogenated flame retardant it is based on the total weight of the non-halogenated flame
retardant. When this definition is applied to the polycarbonate composition if is based on the
total parts by weight of the polycarbonate composition.

[00080] In another aspect, the polycarbonate composition may have an ultra-low
chlorine, bromine, or fluorine content. As used herein, “ultra-low chlorine, bromine, or fluorine
content” is defined as having a bromine, chlorine, or fluorine content of less than or equal to 100
ppra, less than or equal to 75 ppm. or less than or equal to 50 ppm, based on the total parts by
weight of the composition. Preferably, the polycarbonate composition has a comnbined bromine,
chiorine, and fluorine content of less than or equal to 100 ppm, less than or equal to 75 ppm, or
less than or equal to 30 ppm, based on the total parts by weight of the composition.

{00081] The polycarbonate compositions may be manufactured by various methods. For
example, powdered polycarbonates, non-halogenated flame retardant, and/or optional
components are first blended, optionally with fillers in a HENSCHEL-Mixer high speed mixer.
Other low shear processes, including but not limited to hand mixing, may also accormplish this
blending. The blend is then fed into the throat of a twin-screw extruder via a hopper.
Alternatively, at least one of the components may he incorporated into the composition by
feeding directly into the extruder at the throat or downstream through a sidestuffer. Additives
may also be compounded into a masterbatch with a desired polymeric polymer and fed into the
extruder. The extruder is generally operated at a temperature higher than that necessary to cause
the composition to flow. The extrudate is immediately guenched in a water bath and pelletized.
The peliets so prepared may be one-fourth inch long or less as desired. Such pellets may be used
for subsequent molding, shaping, or forming.

[00082] A sample of the polycarbonate composition may have a flame test vating of V-0,
as measured according to UL-94 at a thickness of 1.5 millimeter or less, such as, for example,
1.2 millimeter, 1.0 millimeter, 0.8 millimeter, and 0.6 millimeter.

{00083 ] The polycarbonate compositions may have a melt volume rate (MVR}of 5 1o
150 cc/10 min., preferably 7 to 125 cc/10 min, move preferably 9 to 110 cc/10 min, and still
more preferably 10 to 100 cc/10 min., measured at 300°C and a load of 1.2 kilograms according

to ASTM D1238-04 or 150 1133, In some aspects, the polycarbonate compositions may have a
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melt volume rate (MVR) of 10-25 or 10-20 ¢c/10 min, measured at 300°C and a load of 1.2
kilograms according to ASTM D1238-04 or [SC 1133,
[30084] Shaped, formed, or molded articles including the polycarbonate compositions

are also provided. The polycarbonate compositions may be molded into useful shaped articles hy

;

a varicty of methods, such as injection molding, extrusion, rotational molding, blow molding
and thermoforming. Some examples of articles include computer and business machine housings
such as housings for monitors, handheld clectronic device housings such as housings for cell
phones, clectrical connectors, and components of lighting fixtures, ornaments, home appliances,
roofs, greenhicuses, sun rooms, swiraming pool enclosures, and the like. {n an aspect, the article
is an extruded article, a molded article, pultruded article, a thermoformed article, a foamed
article, a layer of a multi-layer article, a substrate for a coated article, or a substraic for a
metallized article. In addition, the polycarbonate compositions may be used for such
applications as a molded housing and other devices such as clectrical circuit housing.

[00085] Thin {ilms including the polycarbonate compositions are also provided.. The
thin films can be prepare The thin film of the thermoplastic composition can be prepared by
extrusion of the polycarbonate composition. The thin films may have improved thermal
resistance.

[30086] This disclosure s further dlustrated by the following examples, which are non-
fimiting.

EXAMPLES

[00087] The following components are used in the examples. Unless specifically
indicated otherwise, the amount of each component is in wt%, based on the total weight of the
cormposifion.

[0008R] The materials shown in Table T were used.

Table 1.

PC-1 Linear amorphous bisphenol A polycarbonate (BPA) homopolymer produced by
interfacial polymerization (Mw 29,000-31,000 g/mol, using polystyrene SABIC
standards)

PC-2 Linear amorphous BPA homopolymer produced by interfacial polymerization SABIC
(Mw 20,000-22,000, using polystyrene standards)

PC4 /96 mol% amorphous IDHB-BPA copolymer produced by interfacial SABIC
polymerization, Mw 29,000-31,000 g/mel, using polystyrene standards

PC-5 /96 mol% amorphous EDHB-BPA copelymer produced by interfacial SABIC
polymerization, Mw 29,000-31,000 g/mol, using polystyrene standards

PC-7 Branched, cyanophenol end-capped bisphenol A homopelyearbouate produced SABIC
via interfacial polymerization, containing 3 mol% 1,1,1-tris(4-
hydrox yphenyliethane {THPE) brauching agent (Mw=29,000-31,000 g/mal,
using polystyrene standards)

PO-Si-1 Poly(bisphenol A - dimethylsiloxane) copolymer, produced via interfacial SABIC
polymerization, 20 wt% siloxane, average siloxane block length = 45 units
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(D453, Mw = 29,000 to 31,000 g/mol per d by GPC using polystyrene standards,
para-cunyylpheno! (PCP) end-capped
Poly(bisphenol A carbonate-dimethylsiloxane} copolymer having a siloxane SABIC
repeating units of 40 wi%, average PDIMS block length of 45 units, having a Mw
PC-Si-2 of 37,000 to 38,000 grams per mole as determined by GPC using polystyrene
standards and calcuiated for polycarbonate, produced by jatexfacial
polymerization and endeapped with p-cumyiphenol
PPZ Phenoxy phosphazene, 13.94 wt% phosphorous Fashimi
K&S Potassivin diphenyisulfoue sulfonate Sloss Jndustries
PETS Pentacrythrityl tetrastearate, >909% esterified Faci
AL Tris{di-t-buty] phenyDphosphite, CAS Reg. No, 31570-04-4 Ciba
TSAN Encapsulated Polyterrafluoroethylene, CAS Reg. No. 9002-84-0, with 47-53 wi% | SABIC
poly{tetratiucroethylene)
GF Bonding Glass fibers
UVA 2-(2Hydroxy-3-tert-octylphenyl) benzotriazole, commercially available as UVA | CIBA
5411

[30089] General Procedure for PC-4 and PC-5. In a pre-formulation tank, 7 L water, 23
L methylene chloride, 4200 g BPA, 40 mL TEA, 10 g sodivm gluconate, and propan-2-y1 3,5-
dibydroxybenzoate (IDHB) or ethyl 3,5-dihydroxybenzoate (EDHB) are added and well mixed.
The resulting formulation is then transferred to the reactor, where phosgene is then added at
90g/min and the mixture is recirculated. To maintain a pH of 9-10, a 30% caustic solution is
then added at a program-determined rate. During the course of the phosgenation, a solution of
PCP in methylene chioride (184 g PCP / 800 g methylene) is added at 200 g/min. Phosgenation
continues until a total of 2400 g of phosgenc is delivered. Following completion of reaction, the
reaction’s MW is checked along with the presence of any excess phosgene. The reaction mixgure
is neutralized with dilute acid (to remove TEA and neutralize base) and the organic layer is
separated from the aqueous layer after centrifugation. The organic layer is then washed with
deionized water and separated again by centrifugation. The organic layer is then subjecied to
steam precipitation, and the resin is isolated as a wet powder and then dried in nitrogen dryer.

[00090] The testing samples were prepared as described below and the following test
methods were used.

100051 Typical compounding procedures are described as follows: The various
formulations were prepared by direct dry-blending of the raw materials and pre-blended and
then extruded using a twin-screw extruder. The composition was melt-kneaded, extruded, cooled
through a water bath and pelletized. A typical extrusion profile is listed in Table 2.

Table 2.

Pararaeters Unit Typical values
Feed °C 44
Zone § Temp o 200
Zone 2 Temp °C 240
Zoune 3 Temp °C 260
Zoue 4-9 Temp o 280
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Screw Speed Rpm 300
Throughput kg/tr ~24
Torque % Max.

[00092] An Engel 45 molding machine was used to mold the test parts for standard

physical property testing. The parameters are provided in Table 3.

Table 3.

Parameters Unit Conditions
Drying Temperature °C 12
Drving Thme Hrs 2
Hopper temperature °C 40
Nozzle Temperature °C 275
Rear - Zove T Temperature °C 260
Middie - Zone 2 Teraperature °C 270
Front - Zone 3 Temperature °C 280

[00093] Sample preparation and testing methods are described in Table 4.

Table 4.

Property Standard Conditions Specimen Type

MVE [50-1133 300 °C, 2.16 kg, 300 sec Pellets

Notched Izod (NID ASTM B256 23°C, -30°C Bar-63.5 mum x 12.7 mm x 3.2 mm
Flammability UL 94 Vertical Burning

{00094 ] Flammability tests were performed on samples at a thickness of 1.5 mm, 1.0
i, and 0.8 mm in accordance with the Underwriter’s Laboratory (UL) UL 94 standard. In
some cases, a second set of 3 bars was tested to give an indication of the robustness of the rating.
In this report the following definitions are used as shown in Table 5. Total flame-out-times for

all 5 bars (FOT =t1 + 2) were determined. V-ratings were obtained for every set of 5 bars.

Table 3.
UL94 Rating t; and/or t) S-bar FOT burning drips
V-0 <10 <50 1o
Vi <30 <250 1o
V2 <30 <250 ves
N.E. (no rating) >30 >250

Prophetic Examples 1-34
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comparative examples and examples with 10 wt% glass fibers. Comparative examples are

indicated with an asterisk.

Table 6A.
Unit i* 2 3 4 5 6 7
PC-1 wit% 44,31 44,57 34.53 39.53 34.53 51.80 34.53
PC-2 wt% 44.31 44.5 34.53 39,53 34.53 17.27 34.53
PC-4 wit% 20
PC-5 wt% 10 20 20
PC-7 wt% 20
PC-Si-1 wi%
GF wit% 10 10 i0 10 10 10 LG
AO wit% (.09 0.09 0.09 (.09 (.09 0.09 (.09
PETS wt% 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Uv wit% 0.3 0.3 0.3 0.3 0.3 0.3 0.3
TSAN wit% 045
XS88 wt% 0.45 (.45 0.45 0.45 0.45 (.45 0.45
Total wt% 100 100 100 160 100 100 100
Ester wt% O 0 0.8 0.4 (.8 0.8 0
Added F wi% (.16 0 3] 3 Y 0 0
Table 68B.

Unit g G* {0 11 12 13 14 15
PC-1 wt% 03 43.26 33.26 38.26 33.26 34.01 25.76 2951
PC-2 wi% 43.03 43.26 3326 38.26 33.26 34.01 2576 29.51
PC-4 Wi% 20
PC-3 wit% 10 20 20 20 20
PC-7 wit%
PC-5i-1 wi% 15
PC-Si-2 wt% 7.5
GF wt% 10 10 10 10 10 10 10 10
AD wit% 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09
PETS Wi% 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Uuv wt% 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
TSAN wit% 0.45
PPZ wt% 3 3 3 3 3 1.5 3 3
Total wit% 100 100 100 100 100 100 100 100
Ester wt% 0 ] 0.8 0.4 0.8 0.8 0.8 0.8
Added F wi% 0.16 0 0 0 ¢ 0 G 0
Added P wi% 0.4 0.4 0.4 0.4 0.4 0.2 0.4 0.4

[000u6] Table 7 shows the compositions and properties for the following comparative

exaroples and examples including 30 wt% glass fibers. Comparative examples are indicated with

an asterisk.

Table 7.
Unit [8* 19%* 20 21* 22 23 24 25
PC-1 wit% 33.03 33.26 23.26 28.26 2326 24.01 15.76 19.51
PC-2 wit% 33.03 33.26 23.26 28.26 23.26 24.01 15.76 1951
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PC-4 wi% 20
PC-S wWt% 10 20 20 20 20
PC-7 wt%
PC-Si-1 wt% 15
PC-51-2 wi% 7.5
GF wi% 30 30 30 30 30 30 30 30
AD wt% (.09 0.09 (.60 0.09 (.09 0.09 (.09 0.09
PETS wi% 0.1 0.1 0.1 0.1 0.1 .1 0.1 0.1
Uy wi% 0.3 0.3 0.3 0.3 0.3 (.3 0.3 0.3
TSAN Wit 0.45
PP, wit% 3 3 3 3 3 1.5 3 3
Total Wt% 100 100 100 100 100 100 100 100
Ester wi% 0 8] 0.8 (.4 0.8 (.58 0.8 .8
Added F wit% 0.16 0 0 3 O 0 G ¢
Added P wi% 0.4 0.4 0.4 0.4 0.4 0.2 0.4 0.4

[08097] This disclosure further encompasses the following aspects.

[00098] Aspect 1. A polycarbonate composition including: polycarbonate; a
polycarbonate including repeating units derived from a monomer incloding a pendant ester
group; a non-halogenated flame retardant; glass fibers; optionally, a poly{carbonate-siloxane)
present in an amount effective to provide 0.5-10 wt% siloxane repeating units, based on the total
weight of the composition, and optionally, an additive composition, wherein a sample of the
composition has a UL-94 flame test vating of V-0 at a thickness of 1.5 mm or thinner.

[00096] Aspect 1a. A polycarbonate composition including: 60-95 wt% of a bisphenol A
polycarbonate; a polycarbonate including repeating units derived from a monomer inclading a
pendant ester group; a non-halogenated flame retardant, glass fibers; optionally, a
poly(carbonate-siloxane) present in an amount effective to provide 0.5-10 wt% of siloxane
repeating units, based on the total weight of the composition, and optionally, an additive
composifion, wherein a sample of the composition has a UL-94 flame test rating of V-0 at a
thickness of 1.5 mom or thinner and wherein the polycarbonate is different from the
polycarbonate including repeating units derived from a monomer inchiding a pendant ester
£roup.

[000100] Aspect 1b. The polycarbonate composition of Aspect 1 or Ia, wherein: the
calculated added bromine and chlorine content of the polycarbonate composition are each about
900 ppm or less and the calculated total added halogen content of the polycarbonate composition
is about 1300 ppm or less; or the calculated added bromine, chiorine, and fluorine content of the
polycarbonate composition are each about 900 ppm or less and the calculated total added
bromine, chlorine, and fluorine content of the polycarbonate composition is about 1500 ppm or

less.
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[000101] Aspect fc: The polycarbonate composition of any of the preceding aspects,
wherein the polycarbonate composition excludes an anti-drip agent.

{300102] Aspect 1d: The polycarbonate composition of any of the preceding aspects,
wherein the polycarbonate composition is substantially free of a branched polycarbonate.

[000103] Aspect 2: A polycarbonate composition including: a polycarbonate
composition comprising: a polycarbonate; a polycarbonate comprising repeating units derived
from a monomer comprising a pendant ester group; a non-halogenated flame retardant; glass
fihers; optionally, a poly(carbonate-sitoxane) present in an amount effective to provide 0.5-10
wt% siloxane repeating units, based on the total weight of the composition, and optionally, an
additive composition, wherein: the polycarbonate s different from the polycarbonate comprising
repeating units derived from a monomer comprising a pendant ester group; a sample of the
composition has a UL-94 flame test rating of V-0 at a thickness of 1.5 mm or thinner, and the
calculated added bromuine and chlorine content of the polycarbonate composition are each about
800 ppm or less and the calculated total added halogen content of the polycarbonate composition
is about 1500 ppm or less; or the calculated added bromine, chlorine, and fluorine content of the
polycarbonate coraposition are each about 900 ppm or less and the calculated total added
bromine, chlorine, and fluorine content of the polycarbonate composition is about 1500 ppm or
less.

[300104] Aspect 2a. The polycarbonate composition of any onc of the preceding aspects,
wherein the polycarbonate comprises a glass transition temperature of less than 155 °C,
determined according to ASTM E1640-13 with a 1°C/min heating rate.

[000105] Aspect 2b. The polycarbonate composition of any one of the preceding aspects,
wherein the polycarbonate is a linear bisphenol A polycarbonate homopolymer.

[000106] Aspect 2¢: The polycarbonate composition of any one of the preceding aspects,
wherein the polycarbonate composition excludes an anti-drip agent.

[300107] Aspect 2d: The polycarbonate composition of any one of the preceding aspects,
wherein the polycarbonate composition comprises a branched polycarbonate in an amount
cffective to provide 0.05 mol% or less, 0.025 mol% or less, or 0.01 mol% or less branching,
based on the total moles of carbonate repeating units in the polycarbonate composition.

{000108] Aspect 2e: The polycarbonate composition of any one of the preceding aspects
cornprising a melt flow rate (MVR} of 10-25 cc/10 min, or 10-20 c¢/10 min, at 300°Cand 2 1.2
kg load according to ASTM D1238-04.
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{000109] Aspect 3. The polycarbonate composition of any one of the preceding aspects,
wherein the monomer inchiding a ester pendant group has the structure of Formula (A) or
Formula (B)

(COOR),

HO. - ~{COOR)Y,

(OH)q
Fornmila (A) Formula (B)

wherein each occurrence of R and R’ is independently C2-Cis alkyl; each of m, 1, p, and q is

independently Gor I, m+n=1;and p+q =1 and E 15 C1-Cy5 alkyl, and wherein the monomers

including the pendant cster groups may be the same or different.

{000110] Aspect 4. The polycarbonate composition of Aspect 3, wherein R is a linear
Ca-Cs alkyl group, preferably an ethyl group, or R is a branched Co-Cys alkyl group, preferably
an isopropyl group.

[300111] Aspect Sa. The polycarbonate composition of any onc of the preceding aspects,
wherein the polycarbonate including repeating units derived from a monomer including a
pendant ester group is present in an amount effective to provide 8.1-5.0 mol% repeating units
derived from a monomer having a pendant ester group, based on the total moles of the
cormposifion.

1000112} Aspect 5b. The polycarbonate compaosition of any one of the preceding aspecis
coraprising 5-45 wt% glass fibers, preferably 5-30 wt% glass fibers.

[000113] Aspect 6. The polycarbonate composition of any one of the preceding aspects,
wherein the non-halogenated flame retardant comprises an aromatic sulfonate, an aromatic
sulfone sulfonate, an organophosphorous flame retardant, or a combination thereof.

[000114] Aspect 7. The polycarbonate composition of any one of the preceding aspects,
wherein the non-halogenated flame retardant inchides an organophosphorous flame retardant
including a monomeric or oligomeric phosphate (P(=0)0OR 3}, phosphite (P(OR)3),
phosphonate (RP(=0)}OR)), phosphinate (R, P(=0YOR)}, phosphine oxide (R3P(=0)), or
phosphine (R3P), wherein each R in the may be the same or different, provided that at least one
R is an aromatic group; a monomeric or oligomeric compound having at least one phosphorous-

nitrogen bond; or a combination thereof.
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[000115] Aspect 8. The polycarbounate composition of any one of the preceding aspects,

wherein the non-halogenated flame retardant includes an organophosphorous flame retardant

including:
o
O 0 , a |l /7
1 (OO ; p
(;"()—_:E: () ri} Glo=P-t07 %
o ¥ G X

s o a

combination thereof, wherein each occurrence of G' is independently a Ci.a0 hydrocarbyl; each
occurrence of G is independently a Ci0 hydrocarbyl or hydrocarbyloxy,; each X is independently
a bromine or chlorine: mis §to 4, andn is 1 to 30;

% 1

R‘L(O)n—ﬁl-'* O—X~0- E%—-_HO)TRW

(Ol (’\?)n‘: a
J%w K8 wherein R'®, RY, R, and R' are each independently Cig
atkyl, Csscycloalkyl, Ceae aryl, or Cra2 arvialkylene, each optionally substituted by Crn alkyl,
preferably by Ci4 alkyl and X is a mono- or poly-nuclear aromatic Ceap moiety or a linear or
branched Ca10 aliphatic radical, each optionally OH-substituted and optionally including up to §
ether bonds, provided that at least one of R'6, R'7, R™ R", and X is an aromatic group;

or a combination thereof.

[000116] Aspect 9. The polycarbounate composition of any one of the preceding aspects,
wherein the wherein the non-halogenated tlame retardant includes an organophosphorous flame
retardant including phosphonitrilic chloride, phosphorous ester amide, phosphoric acid amide,
phosphonic acid amide, phosphinic acid amide, or tris{aziridinyl) phosphine oxide; or a

phosphazene or cyclic phosphazene of the formulas

R .
. |
N m}E’ N===p
T
wi

or w2 wherein wi is 3 to 10.000; w2 is 3 to 25,

or 3 to 7; and each RY is independently a Ci.1o alkyl, alkenyl, alkoxy, arvl, aryloxy, or
polyoxvalkylene group, optionally wherein at least one hydrogen atom is replaced with an N, S,
O, or ' atom, or an amino group.

[000117] Aspect 10. The polycarbonate composition of any one of the preceding claims,
wherein the wherein the non-halogenated tlame retardant comprises an organophosphorous

flame retardant of Formula (23)
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Y
\M/

X)p EE'"Q
G 4n

....p\ﬁ 3
8 (R9m

wherein q is at least 2, each occurrence of Ar is independently Ceg aryl, preferably benzene,
optionaily substituted with a Ci.as hydrocarbyl group, or a Ciag hydrocarbyloxy group, and n and
pare each §, mis 1, R? is hydrogen, C1-Cis alkyl, Caocycloalkyl, (T alkyDCain cyeloalkyl, Ce
18 aryl, {Crs alkylCes aryl, Caoz heteroaryl, or {Cre alkyvD)Csi2 hetercaryl, any carbon-carbon
single hond is optionally replaced by a carbon-carbon double or triple bond, and any methylene is
optionally replaced by 0, §, $(=0), C(=0), P(=0), or NR'®, wherein R'® is hvdrogen or Cre alkyl,
and any methylene is optionally substitated with a group having an N, S, O, or F atom; ornand p
are each at feast |, m is 0, and X is C-Cig alkylidene, Caiocycloalkylidene, Csis arylene, Ui
heteroarylene, or a group derived from Formula (3}

&Y, (R,
‘N AN
o

E-{ODWX‘“Q\/)T“OH
& (3), wherein R? and RP are each independently a halogen, Ci.

12 alkoxy, or Craz2 alkyl, and p and q are each independently integers of 0 to 4, X® is single bond,
-O-, -8-, -8(0)-, -8(O-, -C(O)-, or a C1.e organic group; or a -L'-X’-L?- group, wherein L' and
L7 are each independently a single bond, C1-Ciz alkylidene, or a Cs.ecycloalkylidene, where
any carbon-carbon single bond is optionally replaced by a carbon-carbon double or triple bond,
and any methylene is optionally replaced by O, S, S(=0), C(=0), P(=0), or NR'Y, wherein R'" is
hydrogen or Ci.salkyl, and any methylene is optionally substituted with a group having an N, S,
0O, or ¥ atom; X is C1-Cip alkylidene, Capeyeloalkylidene, Ceag aryvlene, Can heteroarylene, or
a group derived from Formula (3).

[000118] Aspect 11. The polycarbonate composition of any one of the preceding aspects
wherein the polycarbonate composition comprises (.15 wit% or less of an anti-drip agent
comprising fluorine, preferably wherein the polycarbonate composition excludes an anti-drip
agent comprising fluorine.

[300119] Aspect 12. The polycarbonate composition of any one of the preceding aspects
wherein the polycarbonate composition comprises an organophosphorous flame retardant

present in amount effective to provide 0.05-2.Twt%, or .05 to less than 2.1 wt% phosphorous.
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[000120] Aspect 13. The polycarbonate composition of any one of the preceding aspects
wherein the polycarbonate composition comprises .01 to 1.0 wt% of an aromatic suifone
sulfonate, preferably potassium diphenyisulfone sulfonate.

[000121] Aspect 14. An article including the polycarbonate composition of any one of
the preceding aspects, preferably wherein the article is a housing for monitors, a thin film, a
housing for a handheld clectronic device, preferably a housing for a cell phone or a personal
health care device, a housing for a consumer electronic device, preferably a battery housing, a
covers, or a display panel, a housing for an clectrical component, preferably an electric vehicle
charger, a stnart meter cover, a smart meter box, or a lighting component; an electrical
connector; a component of a lighting fixture; an ornament; a home appliance; aroof; a
greenhouse enclosure, a sun room enclosure, and a swimming pool enclosure.

{0001221 Aspect 15. A method for forming the article according 1o aspect 14, including
molding, casting, or extruding the composition to provide the article.

{000123] The compositions, methods, and articles may alternatively include, consist of,
or consist essentially of, any appropriate materials, steps, or components herein disclosed. The
compositions, methods, and articles may additionally, or alternatively, be formulated so as to be
devoid, or substantially free, of any materials (or species), steps, or components, that are
otherwise not necessary to the achievement of the function or objectives of the compositions,
methods, and articles.

[000124] All ranges disclosed herein are inclusive of the endpoints, and the endpoints
are independently combinable with each other (e.g., ranges of “up to 25 wt%, or, more
specifically, 3 wt% to 20 wt%™, is inclusive of the cndpoints and all intermediate values of the
ranges of 3 wi% to 235 wt%,” etc.). “Combinations” is inclusive of blends, mixtures, alloys,
reaction products, and the like. The terms “first.” “second,” and the like, do not denote any
order, guantity, or importance, but rather are used to distinguish one element from another. The
terms “a” and “an” and “the” do not denote a limitation of quantity and are to be construed to
cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted
by context. “Or” means “and/or” unless clearly stated otherwise. Reference throughout the
specification to “some embodiments”, “an embodiment”, and so forth, means that a particular
clement described in connection with the embodiment is included in at least one embodiment
described herein, and may or may not be present in other embodiments. In addition, it is to be
understood that the described elements may be combined in any suitable mamner in the various

embodiments. A “combination thereot” is open and inchludes any combination inchiding at least
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one of the listed components or propertics optionally together with a like or equivalent
component or property not lsted

[000125] Unless specified to the contrary herein, all test standards are the most recent
standard in cffect as of the filing date of this application, or, if priority is claimed, the filing date
of the earliest priority application in which the test standard appears.

[0001267 Unless defined otherwise, technical and scientific terms used herein have the
samc meaning as is commonly understood by one of skill in the art to which this application
belongs. All cited patents, patent applications, and other references are incorporated herein by
reference in their entirety. However, if a term in the present application contradicts or conflicts
with a term in the incorporated reference, the term from the present application fakes precedence
over the contlicting term from the incorporated reference.

[000127) Compounds are described using standard nomenclature. For example, any
position not substituted by any indicated group is understood o have its valency filled by a bond

Fion

as indicated, or a hydrogen atom. A dash ("-"} that is not between two letters or symbols is used
to indicate a point of attachment for a substituent. For example, -CHO is attached through
carbon of the carbonyl group.

[000128] As used herein, the term “hydrocarbyl”, whether used by itself, or as a prefix,
sutfix, or fragment of another term, refers to a residue that contains only carbon and hydrogen
unless it is specifically identified as “substituted hydrocarbyl”. The hydrocarbyl residue may be
aliphatic or aromatic, straight-chain, cyclic, bicyclic, branched, saturated, or unsaturated. It may
also contain combinations of aliphatic, aromatic, straight chain, cyclic, bicyclic, branched,
saturated, and unsaturated bydrocarbon moicties. When the hydrocarbyl residuce is described as
substifuted, it may contain heteroatoms in addition to carbon and hydrogen.

{000129] The term "alkyl” means a branched or straight chain, unsaturated aliphatic
hydrocarbon group, e.g., methyl, ethyl, n-propyl, t-propyl, n-butyl, s-butyl, t-butvi, n-pentyl, s-
pentyl, and - and s-hexyl. “Alkenyl” means a straight or branched chain, monovalent
hydrocarbon group having at least one carbon-carbon double bond (¢.g., ctheny! (-HC=CH>)).
“Alkoxy” means an alkyl group that is linked via an oxygen (i.e., alkyl-GO-), for example
methoxy, ethoxy, and sec-butyloxy groups. "Alkylene” means a straight or branched chain,
saturated, divalent aliphatic hydrocarbon group {e.g., methylene (-CHz-) or, propylene (-<{CHo)s-
. “Cycloalkylene” means a divalent cyclic alkylene group, -CaHzex, wherein x is the mamober of
hydrogens replaced by cyclization(s). “Cycloalkenyl” means a monovalent group having one or
more rings and one or more carbon-carbon double bonds in the ring, wherein all ring members

are carbon {e.g., cyclopentyl and cyclohexyl). "Aryl" means an aromatic hydrocarbon group
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containing the specified number of carbon atoms, such as phenyl, tropone, indanyl, or naphthyl.
“Arylene” means a divalent aryl group. “Alkylarylene” means an arylene group substituted with
an alkyl group. “Arylalkylene” means an atkylene group substituted with an aryi group {e.g.,
henzyl). The prefix "halo” means a group or compound including one more of a fluoro, chloro,
bromo, or iodo substituent. A combination of different halo groups (e.g., bromo and fluoro), or
only chloro groups may be present. The prefix “hetero” means that the compound or group
includes at least one ring merber that is a heteroatom (e.g., 1, 2, or 3 heteroatom(s)), wherein
the heteroatom(s) is cach independently N, O, S, Si, or P. “Substituted” means that the
corapound or group is substituted with at least one (e.g., 1, 2, 3, or 4) substituents that may each
independently be a {10 alkoxy, a Ci haloalkoxy, a nitro (-NQOz2), a cyano (-CN}, a Cis alkyl
sutfonyl (-3(=0)-alkyl}), a Ce.1o aryl sulfonyl (-5(=0)z-aryi)a thiol (-SH), a thiocyano (-SCN), a
tosyl (CH3CsHaSO2-), 2 Cs4p eycloalkyl, a Coan alkenyl, a Csaz cycloalkenyl, a Coaz aryl, a Crs
arylalkylene, a Cy17 beterocycloalkyl, and a Cs.47 heteroaryl instead of hydrogen, provided that
the substituted atom’s normal valence is not exceeded. The number of carbon atoms indicated in
a group is exclusive of any substituents. For example -CHCH2CN is a € atkyl group
substituted with a nitrile.

[000130] While particular embodiments have been described, alternatives,
modifications, variations, improvements, and substantial equivalents that are or may be
presently unforeseen may arise to applicants or others skilled in the art. Accordingly, the
appended claims as filed and as they may be amended are intended to embrace all such

alternatives, modifications variations, improvements, and substantial equivalents.
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CLAIMS
What is claimed is:
i. A polycarbonate composition comprising:

a polycarbonate;

a polycarbonate comprising repeating uvnits derived from a monomer comprising a pendant ester
LIoUp;

a non-halogenated flame retardant;

glass fibers;

optionally, a poly{carbonate-siloxane) present in an amount effective to provide 0.5-10 wt%
sifoxane repeating unis, based on the total weight of the composition, and

optionally, an additive composition,

wherein:

the polycarbonate is different from the polycarbonate comprising repeating units devived from a
monomer comprising a pendant ester group, and

a sample of the composition has a UL-94 flame test rating of V-& at a thickness of 1.5 mm or

thinner.

2. A polycarbonate composition comprising:

a polycarbonate;

a polycarbonate comprising repeating uvnits derived from a monomer comprising a pendant ester
STOUp;

a non-halogenated flame retardant;

glass fibers;

optionally, a poly{carbonate-siloxane) present in an amount effective to provide 0.5-10 wt%
sifoxane repeating unis, based on the total weight of the composition, and

optionally, an additive composition,

wherein:

the polycarbonate is different from the polycarbonate comprising repeating units devived from a
monomer comprising a pendant ester group;

a sample of the composition has a UL-94 flame test rating of V-& at a thickness of 1.5 mm or
thinner, and

the calculated added bromine and chiorine content of the polycarbonate composition are each
about 900 ppm or less and the calculated total added halogen content of the

polycarbonate composition is about 1500 ppm or less; or
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the calculated added bromine, chlorine, and fluorine content of the polycarbonate composition
are each about 900 ppm or less and the calculated total added bromine, chlorine, and

fluorine content of the polycarbonate composition is about 1500 ppm or less.

3. The polycarbonate composition of claim 1 or claim 2, wherein the composition

comprises 60-93 wt% of a bisphenol A polycarbonate.

4. The polycarbonate composition of any one of the preceding claims, wherein the
monomer having a pendant ester group has the structure of Formula (A) or Formula (B)
(COCR),
HOL_ A

(OH)q

Formula (A) Formula (B)
wherein each occurrence of R and R’ is independently C»-Cis alkyl; each of m, 1. p, and q is
independentlyQor I, m+n=1,and p+ g =1, and £ is C;-Cy5 alkyl, and wherein the repeating

units derived from a monomer comprising a pendant ester group may be the same or different.

5. The polycarbonate composition of Claim 4, wherein R i3 a linear C5-Cys alkyl
group, preferably an cthyl group, or R is a branched C2-Cys alkyl group, preferably an isopropyl

group.

6. The polycarbonate composition of any one of the preceding claims compwising 5-

45 wt%, preferably 5-35 wt% glass fibers.

7. The polycarbonate composition of any one of the preceding claims, wherein the
non-halogenated flamce retardant comprises an aromatic sulfonate, an aromatic sulfone sulfonate,

an organophosphorous flame retardant, or a combination thercof.

8. The polycarbonate composition of any one of the preceding claims, wherein the

non-balogenated flame retardant comprises an organophosphorous flame retardant comprising
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a monomeric or oligomeric phosphate (P(=0XOR)s3), phosphite (P(OR)3), pbosphonate
{(RP(=00OR)), phosphinate (RyP(=0}OR}), phosphine oxide (RsP(=0}}, or phosphine
{R3P), wherein each R in the may be the same or different, provided that at least one R is
an aromatic group;

a monomeric or oligomeric compound having at least one phosphorous-nitrogen bond;

or a combination thereot.

9. The polycarbonate composition of any one of the preceding claims, wherein the

non-halogenated flame retardant comprises an organophosphorous flame retardant comprising

o
GO o--- & SE i RS + 0 i e 9 2
GZ R ;{m G? Xm o (€4 , GZ EI, -y (8] ..]‘) _— GZ
n o, g ea G? aF

combination thereof,
wherein each occurrence of G' is independently a €3 hydrocarbyl; each occurrence of G is
independently a Ci30 hydrocarbyl or hydrocarbyloxy; each X is independently a bromine

or chlorine; mis 0to 4, and nis I to 30;
RI6—(O)g— P~ 0 X~ O P—HOR- 19
(O O,

p

wherein R'S, RV, R!®, and R'® are each independently Ci.s alkyl, Cs.s cycloalkyl, Ceao aryl, or Cr.
12 arvialkylene, each optionally substituted by Cia2 alkyl. preferably by Ci4 allkyl and X
is a mono- or poly-nuclear aromatic Ceao moiety or a linear or branched Cao3o aliphatic
radical, each optionally OH-substituted and optionally comprising up to 8 ether bonds,
provided that at least one of R'®, R, R'®, R, and X is an aromatic group;

or a combination thereof.

10. The polycarbonate composition of any one of the preceding claimns, wherein the
wherein the non-halogenated flame retardant comprises an organophosphorous flame retardant
cormprising
phosphonitrilic chloride, phosphorous ester amide, phosphoric acid amide, phosphonic acid

amide, phosphinic acid amide, or tris(aziridinyl) phosphine oxide; or

a phosphazene or cyclic phosphazene of the formulas
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|
NP
L s
= wi RY w2

or
wherein wl is 3 to 10,000; w2 is 3 to 25, or 3 to 7; and each RY is independently a Ci12 alkyl,
alkenyl, alkoxy, aryl, aryloxy, or polyoxyalkylene group, optionally wherein at least one

hydrogen atom is replaced with an N, §, O, or F atom, or an amino group.

i1 The polycarbonate composition of any one of the preceding claimns, wherein the
wherein the non-halogenated flame retardant comprises an organophosphorous flame retardant of

Formula (23)

(A (Ar)q |

\

O—Plezmmemzmer(X), =
i (R= ’ i
I (R9m i g P

wherein ¢ is at fcast 2, each occurrence of Ar is independently Ceas aryl, preferably benzene,
optionally substituted with a Cishydrocarbyl group, or a Ciag hydrocarbyloxy group, and
nand pare cach 0, mis 1, R%is hydrogen, C1-Cug alkyl, Caaocyveloalkyl, (Cis alkyDCang
cycloalkyl, Ceas aryl, (Cie alkyDCs.1s aryl, Caaz heteroaryl, or {Cie alkyD)Caiz heteroaryl, any
carbon-carbon single bond is optionally replaced by a carbon-carbon double or triple bond, and
any methylene is optionally replaced by O, 8, $(=0), C(=0), P(=0), or NR', wherein R'C is
hydrogen or Cis alkyl, and any methylene is optionally substituted with a group having an N, 5,
0, or F atony; or
1and p are each at feast 1, m is 0, and X is C1-Cig alkylidene, Csop cycloatkylidene, Cos
arylene, Cs.12 beteroarylene, or
a group derived from Formula (3)
(R, (R,
NN
HO—— X —7—0H
L\/) k\\/l (3),
wherein R® and R are each independently a halogen, (112 alkoxy, or Cy.7 alkyl,
and p and q are cach independently integers of 0 to 4, X? is single bond, -O-, -5-, -
S{0O}-, -3(C)s-, -C(0)-, or a Crgp Organic group; or

a -L'-X L% group.,
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wherein L' and L? are each independently a single bond, Ci-Cig
alkylidene, or a Ca.pcycloalkylidene, where any carbon-carbon single bond is
optionally replaced by a carbon-carbon double or triple bond, and any methylene
is optionally replaced by O, S, S(=0), C(=0), P(=0), or NR'", wherein R* is
hydrogen or Cis alkyl, and any methylene s optionally substituted with one or
more substituents independently chosen from halogen, hydroxyl, cyano, and
amino. X’ is £1-Cig alkylidene, Cs.iocycloalkylidene, Co.iz arylene, Cag

heteroarylene, or a group derived from Formula (3).

12. The polycarbonate composition of any one of the preceding claims, wherein the
polycarbonate composition comprises .15 wt% or less of an anti-drip agent comprising fluorine,
preferably wherein the polycarbonate composition excludes an anti-drip agent comprising

fluorine.

13. The polycarbonate composition of any one of the preceding claims, wherein the
xolyce nate composition comprises 0.0] N %0 of an aromatic sulfone sulfonate, preferably
olycarbonate compesition comprises 0.01 t0 1.0 wt% of an aromatic sulfone sulfonate, preferably

potassivm diphenylsulfone sulfonate.

i4. An article comprising the polycarbonate composition of any one of the preceding
claims, preferably wherein the article is a housing for monitors, a housing for a handbeld electronic
device, a thin film preferably a housing for a cell phone or a personal health care device, a housing
for a consumer electronic device, preferably a battery housing, a covers, or a display panel, a
housing for an clectrical component, preferably an clectric vehicle charger, a smart meter cover,
a smart meter box, or a lighting component; an electrical connector; a component of a lighting
fixture; an ornament; a home appliance; avoof; a greenhouse enclosure, a sun room enclosure, and

a swimmming pool enclosure.

15. A method for forming the article according to claim 14, comprising molding,

casting, or extruding the composition to provide the article.
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