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(57) Abstract: A thermoplastic composition including a resin phase and 10% to 55%, especially 25% to 45% of glass fibers by
weight of the composition is disclosed. The resin phase includes a polysiloxane block copolymer including polydimethylsiloxane
blocks and polycarbonate blocks derived from bisphenol A. The resin phase further includes a polycarbonate and has between 2.0 wt
% and 10 wt% by weight of siloxane. The thermoplastic composition has (i) a notched Izod impact strength of at least 150 Joules per
meter measured at 23° C according to ASTM D256, (ii) a tensile strength greater than 95 MPa as determined by ASTM D638, (iii) a
tensile modulus greater than 10,900 MPa as determined by ASTM D638 and (iv) an unnotched Izod impact strength greater than

775 Joules per meter measured at 23° C according to ASTM D256.
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GLASS-REINFORCED PDMS COPOLYCARBONATE RESINS

CROSS REFERENCE TO RELATED APPLICATIONS

{6001} The present application claims priority to and the benefit of United States application
62/198,409, “Glass-Reinforced PDMS Copolycarbonate Resins with Optimal Toughness and
Improved Aesthetics” (filed, July 29, 2015) the entirety of which is incorporated herein by

reference for any and all purposes.
TECHNICAL FIELD

[6002] The disclosure generally relates to glass fiber-reinforced polycarbonate blend
compositions, which include polyorganosiloxane-polycarbonate block copolymers and have

improved impact strength, tensile strength and aesthetic properties.
BACKGROUND

{6003} Aromatic polycarbonate polymers have found wide use as engineering
thermoplastics, having inherent toughness and clarity. In particular, polycarbonate blends using
polyorganosiloxane-polycarbonate block copolymers are widely used. These copolymers
possess enhanced properties such as low temperature impact strength, low temperature ductility,
improved processibility, and fire retardance. The polyorganosiloxane-polycarbonate block
copolymers can be advantageously blended with various proportions of aromatic polycarbonate
polymers to prepare thermoplastic molding composttions capable of meeting the wide range of
requirements for high and low temperature properties. By varying the selection of the
polycarbonate polymer and the proportions of blend ingredients, a wide range of properties may
be obtained, starting with a single polyorganosiloxane-polycarbonate block copolymer.
Furthermore, the mechanical properties of these blends can be greatly improved by
reinforcement with glass fibers making them useful for applications that have stringent
performance requirements.

{0004] Today, the consumer electronics industry is increasingly calling for ultrastitf tough
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{UST) materials that have specific mechanical and structural properties to replace metal. These
materials must be capable of being injection molded into thin wall parts (i.e., 10 inch tablet cover
that is 1.0 mm thick) that are extremely dimensionally stable with little to no warpage and have a
high aspect ratio. Good weldline strength and a flat weldline without bumps are also needed to
ensure the mechanical integrity of thin-walled parts with a multi-gate design. The materials must
also fulfill flame retardant requirements, typically VO-V1 ratings at <= 1.0 mm. Glass-
reinforced polycarbonate blends generally provide superior mechanical properties in comparison
with traditionally used thermoplastic molding compositions such as nylon-based blends, and
therefore, may be the best candidate to meet the criteria set forth for UST materials in consumer
electronic applications.

{G0D5] There 1s an unmet need, however, for developing glass-reinforced polycarbonate
blends using polyorganosiloxane-polycarbonate block copolymers, which have the optimal
balance of toughness and strength while also retaining other properties, such as low temperature
ductility, good processability and fire retardance. Until now, the selection and the proportions of
the polycarbonate polymer, the polyorganosijoxane-polycarbonate block copolymer, and the
glass fiber needed to achieve the best mechanical performance of these polysiloxane-
polycarbonate block copolymers blends has been unknown.

18006] Accordingly, the present disclosure provides thermoplastic compositions that are
glass-fiber reinforced blends of polyorganosiloxane-polycarbonate block copolymer and

polycarbonate polymer that possess superior mechanical properties.

SUMMARY

[0007] In accordance with one aspect of the disclosure, a thermoplastic composition
including a resin phase and 10% to 55%, especially 25% to 45% of glass fibers by weight of the
thermoplastic composition is disclosed. The resin phase includes a polysiloxane block
copolymer including polyorganosiloxane blocks and polycarbonate blocks. The resin phase
further includes a polycarbonate and has between 2.0% and 10% by weight of siloxane blocks.
[0008] In accordance with another aspect of the disclosure, a thermoplastic composition
including a resin phase and 10% to 55%, especially 25% to 45% of glass fibers by weight of the

thermoplastic composition is disclosed. The resin phase includes a polysiloxane block
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copolymer including polydimethylsiloxane blocks and polycarbonate blocks derived from
bisphenol A. The resin phase further includes a polycarbonate and has between 2.0% and 10%
by weight of siloxane. The thermoplastic composition has (i) a notched Izod impact strength of
at least 150 Joules per meter measured at 23° C according to ASTM D256; (i) a tensile strength
greater than 95 MPa as determined by ASTM D638, (ii1) a tensile modulus greater than 10,900
MPa as determined by ASTM D638 and (iv) an unnotched Izod impact strength greater than 775
Joules per meter measured at 23° C according to ASTM D256.

[0009] In accordance with another aspect of the disclosure, a thermoplastic composition
including 10% to 55%, especiaily 25% to 45% of glass fibers by weight of the thermoplastic
composition and a resin phase is disclosed. The resin phase includes a polysiloxane block
copolymer and a polycarbonate polymer, wheretn the polvsiloxane block copolymer has

repeating structural units of formula (I)

e R G e (e
wherein at least 60 percent of the total number of R groups are aromatic organic radicals and the
balance thereof are aliphatic, alicyclic, or aromatic radicals, and repeating structural units of

formula (IV)

wherein R’ is independently at each oceurrence a hydrocarbyl radical such as an alkyl, aryl,
aralleyl, and cycloalkyl radical, having 1 to 25 carbon atoms, R’ is a divalent aliphatic radical
having 1 to 8 carbon atoms or an aromatic radical having 6 to 8 carbon atoms, R'is
independently at each occurrence a hydrogen, halogen, alkoxy having 1 to 8 carbon atoms, alkyl
having 1 to & carbon atoms, or aryl having 6 to 13 carbon atoms, and wherein n is an integer that
is less than or equal to 1,000, The polycarbonate polymer is different than the block copolymer
and has repeating structural units of formula (XVII)
(XVIT)
o

— RO O
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wherein at least 60 percent of the total number of R groups are arorvatic organic radicals and the

balance thereof are aliphatic, alicyclic, or aromatic radicals.

DESCRIPTION OF THE FIGURES

[0010] FIG. 1 is a TEM photomicrograph of an (a) opaque, (b) semi-transparent and

(c) transparent polysiloxane/polycarbonate block copolymer resin showing the dorain size.
[0011] FIG. 2 is a graph showing the % Si-resin versus tensile modulus for the thermoplastic
compositions in Example 4 having different E-glass loadings.

[0012] FIG. 3 is a graph showing the tensile strength as a function of % Si-resin for the
thermoplastic compositions in Example 4 having different E-glass loadings.

[0013] FIG. 4 is a graph showing the % Si-resin versus notched Izod impact strength for the
thermoplastic compositions in Example 4 having different E-glass loadings.

[0014] FIG. 5 is a graph showing the % Si-resin versus unnotched Izod impact strength for
the thermoplastic compositions in Example 4 having different E-glass loadings.

[0015] FIG. 6 is a graph showing % Si-resin versus flexural strength for the thermoplastic
compositions in Example 5 having 25% glass loadings.

[0016] FIG. 7 is a graph showing % Si-resin versus viscosity for the thermoplastic
compositions in Example 5 having 25% glass loading.

[0017] FIG. 8 has graphs showing % Si-resin versus notched and unnotched Izod impact
values for the thermoplastic compositions in Example 6 having 25% glass loading.

[0018] FIG. 9 has graphs showing % Si-resin versus flexural strength and viscosity for the
thermoplastic compositions tn Example 6 having 25% glass loading.

[0019] FIG. 10 has graphs showing tensile modulus and tensile strength versus % Si-resin

including weld line performance for the thermoplastic compositions in Example 7.

DETAILED DESCRIPTION

{06020} Disclosed herein are glass fiber reinforced thermoplastic compositions. The

thermoplastic composition has a resin phase that inchades a polysiloxane biock copolymerand a



WO 2017/019969 PCT/US2016/044749

polyearbonate polymer. The polysiloxane block copolymer is a polvorganosiioxane-
polycarbonate biock copolymer composed of polvorganosiloxane blocks and polycarbonate
blocks. Disclosed herein too are articles molded from the thermoplastic compositions. As set
forth in further detail below, the thermoplastic compositions and the articles disclosed herein
have superior mechanical properties, including tensile strength and 1rapact strength and also have
improved agsthetic properties.

16021} The polyorganosiloxane/polycarbonate block copolymer comprises polycarbonate
blocks and polyorganosiioxane blocks. The polycarbonate blocks comprise repeating structural

units of the formula (I},

)

o L e (3 < O3

s . . o~ ; 1 . .
18022} in which at least 00 percent of the total mumber of R groups are aromatic organic
radicals and the balance thereof are aliphatic, alicychic, or aromatic radicals. R may be an

aromatic organic radical of the formula (1),

(I

{6023} wherein each of A'and A’ is a monocyclic divalent aryl radical and Y 'is a bridging
radical having one or two atorns which separate A’ from A’ Tn one embodiment, one atom
separates A’ from A’ Hlustrative non-limiting examples of radicals of this type include —0—
—8—, —8{0)—, —S{O)—, —C(0)}—, methylene, cyclohexyl-methylene, 2-{2.2 1}-
bicycloheptylidene, ethylidene, isopropylidene, neopentylidene, cyclohexvylidene,
cyclopentadecylidene, eyclododecylidene, and adamantylidene. The bridging radical Y' may be
an unsaturated hydrocarbon group or a saturated hvdrocarbon group such as methylene,
cyclohexylidene, or isopropylidene.

[8024] The polyorganosiloxane blocks comprise repeating structural units of the formula

(1L,
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b2

2

pandey
Fan
f

R e fy e
o

{0025] wherein R’ is independently at each occurrence a hydrocarbyl radical such as an
alkyl, aryl, aralkyl and cycloalkyl radical having 1 to 25 carbon atoms, and “n” is an integer
greater than or equal to 1, or, more specifically, greater than or equal to about 10, or, even more
specifically, greater than or equal to about 25, In one embodiment n is greater than or equal to
about 40, The 1nteger “uv” may also be less than or equal to about 1000, or, more specifically, less
than or equal to about 100, or, even more specifically, less than or equal to about 75 or, even
more specifically less than or equal to about 60. As is readily understood by one of ordinary skill

l.( “’7

in the art, “n” represents an average value.
16026} In one embodiment, the polyorganosiloxane blocks comprise repeating structural

units of the formula (IV),

{TV
S T F 1Y oA
e (e [ 8O 81—O——$i—§R*
L ,,/J B | B K/
R* R~ 4, R~
{8027} wherein R” and “a” are as defined above. R’ is independently at each occurrence a

divalent aliphatic radical having 1 to 8 carbon atoms or aromatic radical having 6 to 8 carbon

. . ) y 3. . A : [ . A :
atoms. In one embodiment each occurrence of R 1s 1 the ortho or para position relative to the

4. .

oxygen. R s independently at each cccurrence a hydrogen, halogen, alkoxy having 1 to 8 carbon
atorns, alky] having 1 to 8 carbon atoms or aryl having 6 to 13 carbon atoms and “n” is an integer
fess than or equal to about 1000, specifically less than or equal to about 100, or, more
specifically, less than or equal to about 75 or, even more specifically, less than or equal to about

60. As s readily understood by one of ordinary skill in the art, n represents an average value.
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10028] To one embodiment in the above formula (IV), R%is independently at each occurrence
an alky! radical having 1 to 8 carbons, R’ is independently at each occurrence a dimethylene,
trimethylene or tetramethylene, R is independently at each occurrence a halogen radical, such as
bromo and chlore; altkyl radical such as methyl, ethyl, and propyl; alkoxy radical such as
methoxy, ethoxy, and propoxy; aryl radical such as phenyl, chlorophenyl, and tolvl. In one
embodiment R’ is methyl, a mixture of methyl and trifluoropropyl, or a mixture of methy!l and
phenyl.

{6029} The polyorganositoxane/polycarbonate block copolymers may have an average
molecular weight measured, for example, by ultra-centrifugation or light scattering, gel
permeation chromatography of greater than or equal to about 10,000 to about 200,000, or, more
specifically, about 20,000 to about 100,000, It is generally desirable to have
polydimethylsiloxane units contribute about 0.5 to about 80 weight percent of the total weight of
the polyorganosiloxane/polycarbonate block copolymer or an egual molar amount of other
polydiorganosiloxane. Even more specific is a range of about 1 to about 10 weight percent of
stloxane units in the polyorganosiloxane/polycarbonate block copolymer,

{6030} The polyorganosiloxane/polycarbonate block copolymer comprises
polyorganosioxane domains having an average domain size of less than or equal to 45
nanometers. Within this range the polyorganostioxane domains may be greater than or equal to
about S nanometers. Also within this range the polyorganosiloxane domains may be fess than or
equal to about 40 nanometers, or, more specifically, less than or equal to about 10 nanometers.
{6031} Domain size may be determined by Transmission Electron Microscopy {TEM) as
follows. A sample of the polyorganosiloxane/polycarbonate block copolymer is injection molded
into a sample 60 millimeters square and having a thickness of 3.2 nullimeters. A block (5
mutlimeters by 10 millimeters) 1s cut from the middle of the sample. The block is then sectioned
from top to bottom by an ultra microtome using a diamond knife at room temperature. The
sections are 100 vavometers thick. At least 5 sectiouns are scanned by TEM at 100 to 120
kilovolts (V) and the images recorded at 66,000% magnification. The polysiloxane domains
were counted and measured, the domain size reflecting the longest single linear dimension of
each domain. The domain sizes over the 5 sections were then averaged to vield the average

domain size.
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[8032] Also specifically envisioned are polyorganosiloxane/polycarbonate block copolymers
prepared by direct synthesis comprising a polycarbonate matrix and the desired embedded
polysiloxane domains. In a blend of two polyorganosiloxane/polycarbonate block copolymers
the individual copolymers are generally difficult to separate or to distinguish. With Transmission
Electron Microscopy (TEM) it 1s however possible to distinguish in the blend a polycarbonate
matrix and embedded polysiloxane domains.

{6033} Polyorganosiioxane/polycarbonate block copolymers may be made by a variety of
methods such as interfacial polymerization, melt polyruerization, and solid-state polymwerization.
For example, the polyorganosiloxane/polycarbonate block copolymers may be made by
introducing phosgene under interfacial reaction conditions 1oto a mixture of a dihydric aromatic
compound, such as bisphenol A (hereinafter at times referred to as BPA), and a hvdroxyaryl-
termunated polyorganosiloxane. The polymerization of the reactants may be facilitated by use of
a tertiary amine catalyst or a phase transfer catalyst.

0034} The hydroxyaryl-terminated polyorganosiloxane may be made by effecting a

platinum catalyzed addition between a siloxane hydrnide of the formula (V)

(V)
RT ORE
H 81 Ti}n H
R RG

{6035} and an aliphatically unsaturated monchydric phenol wherein R and n are as
previously defined.

{0036} Non-limiting examples of the aliphatically unsaturated monohydric phenols, which
may be used to make the hydroxyaryl-terminated polyorganosiloxanes include, for example, 4-
allyl-Z-methoxy phenol (herein after referred to as eugenol); 2-alkylphenol, 4-allyl-2-
methylphenol; 4-allyl-2Z-phenviphenol; 4-allyl-2-bromophenol; 4-allyl-2-t-butoxyphenol; 4-
phenyl-2-phenylphenol; 2-methyl-4-propyiphenol; 2-allyl-4,6-dimethylphenol; 2-alliyl-4-bromo-
6-methyiphenol; 2-allyl-6-methoxy-4-methylphenol and 2-allyl-4,6-dimethyiphenol. Mixtures of

aliphatically unsaturated monohydric phenols may also be used.
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{8037} Arsong the suitable phase transfer catalysts which may be utilized are catalysts of the
formula (R*),Q X, where R’ is independently at each occurrence an alky! group having 1 to 10
carbons, (§ is a nitrogen or phosphorus atom, and X is a halogen atom, or an —OR® group, where
R%is selected from a hydrogen, an alkyl group having 1 to 8 carbon atoms and an aryl group
having 6 to 18 carbon atoms. Some of the phase transfer catalysts which may be used include
FCH{CH 3 LN [CH{CH R4 PX, [CH{CHL s o NX, [CH{CH ) iINX, [CH5(CH, 1IN X
CH3{CH3(CHy s BENX, CH3{CH(CH R sNX wherein X is selected from Cl |, Br or — OR®.
Mixtures of phase transfer catalysts may also be used. An effective amount of a phase transfer
catalyst is greater than or equal to 0.1 weight percent {(wt %) and in one embodiment greater than
or equal to 0.5 wt % based on the weight of bisphenol in the phosgenation mixture. The amount
of phase transfer catalyst may be less than or equal to about 10 wi % and more specifically less
than or equal to 2 wt % based on the weight of bisphenol in the phosgenation mixture.

{0038} Non-limiting examples of dihydric aromatic compounds which may be subjected to
phosgenation include, resorcinol; 4-bromoresorcinol; hydroquinone; 4,4 -dihydroxybiphenyl;
1,6~dihydroxynaphthalene; 2 6-dihydroxynaphthalene; bis(d-hydroxyphenylmethane; bis(4-
hydroxyphenyi)diphenvimethane; bis(4-hydroxyphenyl}-1-naphthyimethane; 1,1-bis(4-
hydroxyphenyiyoethane; 1,1-bis(4-hydroxyphenybethane; 1,2-bis(4-hydroxyphenyhethane; 1,1-
bis(4-hydroxyphenvl)-1-phenylethane; 2,2-bis{4-hydroxyphenylipropane; 2-{4-hydroxyphenyl}-
2-Y3-hydroxyphenylpropane; 2,2-bis{(4-hydroxyphenybhbutane; 2 2-bis(4-hydroxypheny!)
octane; 1,1-bis(4-hydroxyphenylpropane; 1,1-bis{(4-hvdroxyphenyln-butane; bis{4-
hydroxyphenyiphenylmethane; 2,2-bis{4-hydroxy- l-methylphenyl) propane; 1,1-bis{4-hydroxy-
tert-butylphenyhpropane; 2,2-bis{4-hydroxy-3-bromophenylpropane; 1,1-bis
{hydroxyphenyljcyelopentane; 1,1-bis{4-hydroxyphenvljcyclohexane; 1,1-bis(4-
hydroxyphenylisobutene; 1,1-bis(4d-hydroxyphenylicyclododecane; trans-2,3-bis(4-
hydroxyphenyi}-2-butene; 2,2-bis{(4-hydroxvphenyljadamantine; (alpha, alpha’-bis(4-
hydroxyphenyijoluene, bis{4-hydroxyphenylacetonitrile; 2,2-bis(3-methyl-4-
hydroxyphenylipropane; 2,2-bis(3-ethvi-4-hydroxyphenylpropane; 2,2-bis(3-n-propyl-4-
hydroxyphenylpropane; 2,2-bis(3-1sopropyl-4-hydroxyphenyhpropane; 2,2-bis(3-sec-butyl-4-
hydroxyphenyipropane; 2,2-bis(3-t-butyl-4-hydroxyphenyljpropane; 2,2-bis(3-cyclohexyl-4-

hydroxyphenyipropane; 2,2-bis(3-allyl-4-hydroxyphenyhpropane; 2,2-bis(3-methoxy-4-
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hydroxyphenyhpropane; 2,2-bis(4-hydroxyphenybhexafluoropropane; 1,1-dichloro-2,2-bis{4-
hydroxyphenyijethylene; 1,1-dibromo-2,2-bis{(4-hydroxyphenyijethylene; 1,1-dichlore-2,2-bis(5-
phenoxy-4-hydroxyphenyliethvlene; 4,4'-dihydroxybenzophenone; 3,3-bis(4-hydroxyphenyl)-2-
butanone; 1,6-bis{4-hydroxyphenylt)-1,0-hexanedione; ethylene glycol bis(4-
hydroxyphenylether; bis(4-hydroxyphenylether; bis(4-hydroxyphenyljsulfide; bis(4-
hydroxyphenyisulfoxide; bis(4-hydroxyphenyl)suifone; 9,9-bis{4-bydroxyphenyDfluorine; 2,7~
dihydroxypyrene; 6,6'-dihydroxy-3,3,3" 3 -tetramethylspiro{bisjindane(“spirobiindane
bisphenol™}; 3,3-bis{4-hydroxyphenyhiphthalide; 2,6-dihvdroxydibenzo-p-dioxin, 2,6-
dihydroxythianthrene; 2,7-dihydroxyphenoxathin; 2,7-dihvdroxy-9,10-dimethylphenazine; 3,6-
dihydroxydibenzofuran; 3,6-dihydroxydibenzothiophene and 2,7-dihydroxycarbazole. Mixtures
of dihydric aromatic compounds may also be used.

{6039} The polvorganosiloxane/polycarbonate block copolymer may be produced by
biending aromatic dihydroxy compound with an organic solvent and an effective amount of
phase transfer catalyst or an aliphatic tertiary amune, such as triethylamine, under interfacial
conditions. Sufficient alkali metal bydroxide may be utilized to raise the pH of the bisphenol
reaction mixture prior to phosgenation, to 10.5 pH. This may result in the dissolution of some of
the bisphenol 1nto the agueous phase. Suitable organic solvenis that may be used are, for
example, chiorinated aliphatic hydrocarbons, such as methylene chloride, chiorotorm, carbon
tetrachloride, dichloroethane, trichloroethane, tetrachloroethane, dichloropropane, and 1,2-
dichloroethyiene; substituted aromatic hydrocarbons such as chlorobenzene, o-dichlorcbenzene,
and the various chlorotoluenes. Mixtures of organic solvents may also be used. Tn one
embodiment the solvent comprises methylene chloride.

{8040} Agqueous alkali metal hydroxide or alkaline earth metal hydroxide addition may be
used to maintain the pH of the phosgenation miuxture near the pH set point, which may be in the
range of 10 to 12, Some of the alkali metal or alkaline earth metal hydroxides, which may be
employed, are for example, sodium hydroxide, potassium hydroxide, and calcium hydroxide. In
one embodiment the atkali metal hydroxide used comprises sodium hydroxide.

{0041} During the course of phosgene introduction at a pH of 10 to 12, and depending upon
the rate of phosgene addition, the pH may be lowered to allow for the introduction of the

hydroxyaryl-terminated polyorganosiloxane. End-capping agents such as phenol, p-butyiphenol,
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p-cumylphenol, octylphenol, nonyiphenol, and other mono hydroxy aromatic corpounds may be
used to regulate the molecular weight or to terminate the reaction.

[6042] Alternatively the polyorganosiloxane/polycarbonate block copolymer may be
produced by an aromatic dihydroxy compound in the presence of a phase transfer catalyst at a
pH of 5 to 8§ to form bischloroformate oligomers. Then to this is added a hydroxyaryl-terminated
polvorganosiloxane, which is allowed to react at a pH of 9 to 12 for a peried of time sufficient to
etfect the reaction between the bischloroformate oligomers and the hydroxyaryi-terminated
polydiorganosiloxane, typically a time period of 10 to 45 mnutes. Generally there 13 a large
molar excess of chioroformate groups relative to hydroxyaryl groups. The remaining aromatic
dihydroxy compound is then added, and the disappearance of chloroformates 1s monitored,
usually by phosgene paper. When substantially all chloroformates have reacted, an end-capping
agent and optionally a trialkylamine are added and the reaction phosgenated to completion ata
pH of 910 12,

8043} The polyorganosiloxane/polycarbonate block copolymer may be made in a wide
variety of batch, serni-baich or continuous reactors. Such reactors are, for example, stirred tank,
agitated column, tube, and recirculating loop reactors. Recovery of the
polyorganosioxane/polycarbonate block copolymer may be achieved by any means known in
the art such as through the use of an anti-solvent, steam precipifation or a combination of anti-
solvent and steam precipitation.

{6044} The thermoplastic compostiion may comprise blends of two or more
polyorganosioxane/polycarbonate block copolymers. These block copolymers may be opaque,
transparent of semi-transparent.

10045] The thermoplastic composition comprises at least one polycarbonate polymer in
addition to the polyorganosiloxane/polycarbonate block copolymer. The polycarbonate polymer
may be a homopolymer, a copolymer, or mixtures thereof. In one aspect of the present
disclosure, the polycarbonate polymer 18 not a polyorganosiloxane-polycarbonate block
copolymer of the type described by formmla (V). The polycarbonate polymer generally has a
weight average molecular weight, from about 20,000 to about 80,000, In several embodiments,

the polycarbonate polymer has a weight average molecular weight from about 30,000 to about
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45,000, from about 40,000 to 42,000, from about 55,000 to about 65,000, and from about 58,000
to about 60,000

16046} The polycarbonate polymer comprises structural units derived from at least one
bisphenol of the formula (I} as previously described. Examples of bisphenols that can be used as
a building block for producing the polycarbonate polymer include, but are not intended to be
fimited to those selected from the group consisting of 4,4'-(3 3,5~
trimethyicyclohexylidene)diphenol, 4,4 -bis(3,5-dimethyl}diphenol, 1,1-bis{4-hydroxy-3-
methylphenyijeyclohexane, 4,4-bis(4-hyvdroxyphenyliheptane, 2 4'-dihydroxydiphenylmethane,
bis(2-hydroxyphenymethane, bis(4-hydroxyphenyhmethane, bis(4-hydroxy-5-
nitrophenylymethane, bis(4-hydroxy-2,6-dimethyl-3~-methoxyphenylimethave, 1,1-bis(4-
hydroxyphenvijethane, 1,1-bis{(4d-hydroxy-2-chlorophenyljethane, 2,2-bis(4-
hydroxyphenybpropane, 2,2-bis(3-phenyl-4-hydroxyphenylDpropane, 2,2-bis(4-hydroxy-3-
methylphenvlpropane, 2,2-bis(4-hydroxy-3-ethylphenylipropane, 2,2-bis{(4-hydroxy-3-
isopropylphenylpropane, 2,2-bis{4-hydroxy-3,5-dimethylphenylpropane, 2,2-b15(3,5,3°,5'-
tetrachloro~4,4'-dibydroxyphenylpropane, bis(4-hydroxyphenyijeyclohexylmethane, 2,2-bis{4-
hydroxyphenyi}-1-phenvipropane, 2,4'-dihydroxyphenyl suifone, 2,6-dihydroxy naphthalene;
hydroquinone; resorcinol, Ciz alkyl-substituted resorcinols, 3-(4-hydroxyphenyli-1,1,3-
trimethylindan-5-ol, 1-(4-hydroxyphenyi}-1,3,3-trimethylindan-5-ol, 2,2,2' 2'-tetrahvdro-

3.3,3 3 -tetramethyl-1, -spirobi 1 H-indene]-6,6"-diol, 1-methyl-1,3-bis{4-hydroxyphenyl)-3-
isopropyleyclohexane, 1-methyl-2-(4-hydroxyphenyl}-3-[1-(4-
hydroxyphenyhisopropylicyclohexane, and combinations thereof, and combinations comprising
at least one of the foregoing aromatic dihydroxy compounds.

[0047] The thermoplastic compositions of the present disclosure further include glass fiber.
In some aspects of the present disclosure, the glass fiber used in the composition may be selected
from E-glass, S-glass, AR-glass, T-glass, D-glass and R-glass. The diameter of the glass fibers
may range from 5 to 35 um. In an alternative aspect, the diameter of the glass fibers may range
from 10 to 20 um. The thermoplastic composition may be reinforced with glass fibers having a
length of 0.4 mm or longer. In one aspect of the present disclosure, the glass fibers have a length

of 1 mm or longer. In other aspects, the glass fibers have a length of 1 mm or longer.
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[0048] The glass fiber used in select aspects of the invention may, in alternative
embodiments, be surface-treated with a surface treatment agent containing a coupling agent.
Suitable coupling agents include, but are not limited to, silane-based coupling agents, titanate-
based coupling agents or a mixture thereof. Applicable silane-based coupling agents include
aminosilane, epoxysilane, amidesilane, azidesilane and acrylsilane.

[0049] In one aspect of the present disclosure, the amount of glass fiber used in the
thermoplastic composition is from 5 to 60% by weight of the composition. In another aspect, the
amount of glass fiber used in the thermoplastic composition is 10 to 55% by weight of the
composition. In still another aspect, the amount of glass fiber is from 20 to 45% by weight of the
thermoplastic composition.

[0050] In certain aspects of the present disclosure, reinforcing fillers may comprise an
additional optional component of the thermoplastic resin composition. Reinforcing fillers, per se,
are also well known in the art. Accordingly, virtually any reinforcing filler known in the art is
suttable according to the present invention. For example, the present disclosure may include at
least one inorganic filler selected from glass, asbestos, talc, quartz, calcium carbonate, calcium
sulfate, barium sulfate, carbon fiber, silica, zinc oxide, zirconium oxide, zirconium silicate,
strontium sulfate, alumina, anhydrous aluminom silicate, barium ferrite, mica, feldspar, clay,
magnesium oxide, magnesium silicate, nepheline syenite, phenolic resins, wollastonite, and
titanium dioxide or mixtures thereof. The term glass fillers in 1intended to include any type of
glass used as a filler such as glass fibers, mill glass, glass spheres and microspheres, etc.

[0051] In a further aspect, the thermoplastic resin composition may include carbon black. In
a still further aspect, the thermoplastic resin composition may include additives such as colorants
to further enhance the aesthetics of the molded article.

[0052] The composition may be formed by melt kneading or melt blending the
polyorganostioxane/polycarbonate block copolymer, the polycarbonate pelymer, glass fibers and
any optional components. Melt-kneading devices are known in the art and include single-screw,
twin-screw, and multi-screw type extruders, ribbon blenders, Henschel mixers, Banbury mixers,
drum tumblers, single screw extruders, co-kneaders, and similar mixing devices that can apply

shear to the components.
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[0053] The thermoplastic compositions are ideally suited for forming articles by shaping,
extruding, or molding. In particular, articles may be molded from the compositions by known
processes, such as injection molding, injection compression molding, gas assist injection
molding, rotary molding, blow molding, compression molding and related molding processes.
[0054] The thermoplastic compositions disclosed herein are useful for applications where
high strength, stiffness and impact resistance are desired for a moldable material. The
thermoplastic compositions are thus useful in a variety of applications, for example, in the
manufacture of electrical or electronic parts, including computer and business machine housings,
handheld electronic device housings such as housings for cell phones, electrical connectors, and
components of light fixtures, ornaments, home appliances, roofs, greenhouses, sun rooms,
swimming pool enclosures and the like. The compositions can be advantageously used for
molded components, for example, housings subject to an outside environment or heat exposure
during use, for example housings or other components in automotive vehicles, including trucks,
construction machinery, and the like.

[0055] The following examples will serve to further tlustrate the disclosure, but it should be
understood that the disclosure 1s not restricted to these specific examples. Parts and percentages
are by weight ynless otherwise stated.

[0056] In the following examples, “PC-BPA” refers to a polycarbonate polymer derived
from bisphenol A. “PDMS” refers to polydimethylsiloxane polymer.

[0057] “SY/PC-P” refers to an opaque polyorganosiloxane/polycarbonate block copolymer
composed of PDMS and PC-BPA units having a block length of 45 (D45) and containing 20%
siloxane by weight. S5i/PC-P is prepared using a batch polymerization process that results in a
more random form and a larger domain size creating an opaque copolymer. A description of the
preparation of SYPC-T used in the examples 13 set forth below.

[0058] “St/PC-T” refers to a transparent polyorganosiloxane/polycarbonate block copolymer
composed of PDMS and PC-BPA units having a block length of 45 (D45) and containing
approximately 6% siloxane by weight. Si/PC-P is prepared by a tube polymerization process
that results in a more interval copolyruer and smaller domain sizes to create a transparent

copolymer. A description of the preparation of Si/PC-T used in the examples 1s set forth below.
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[0059] “SYPC-PT” refers to a semi-trausparent polyorganosiioxane/polyearbonate block
copolymer containing 20% siloxane by weight prepared by a tube polymerization process. A
description of the preparation of Si/PC-T used in the examples is set forth below.

[0060] The domain sizes of the {(a) opague Sy/PC-P, (b} semi-transparent 8i/PC-PT, and {¢)
transparent S1/PC-T (¢) polyorganosiloxane/polycarbonate block copolymers in TEM
micrographs are shown in Figure 1. From the TEM micrograph, it may be seen that the domains
are fairly uniform in size in the nanometer range.

[0061] Preparation of S/PC-P

[0062] The following describes the preparation of Si/PC-P used in the examples.
Dichloromethane (15 L), DI water (10 L), bisphenol-A (3700 g, 16.2 moles), D45 eugenol
siloxane (1150 g, 0.30 mole), triethylamine (30 g, 0.30 mole, 1.7 mole %) and sodium gluconate
(10 g, iron scavenger) was added to a formulation tank. The mixture was stirred and then
transferred to a batch reactor. The formulation tank was rinsed with dichloromethane (5 L) which
was transferred to the batch reactor. The reactor agitator was started and the circulation flow was
set at 80 L/min. Phosgene vapor flow to the reactor was initiated by the DCS (segment 1: 215 g,
80 g/min rate). The pH of the reaction was maintained at a target of 10.0 by DCS controlled
addition of 33 % aqueous NaOH. After addition of 215 g of phosgene a solution of PCP (116 g,
0.55 mole) in dichloromethane was added to the reactor by DCS control while phosgene flow to
the reactor continued. Phosgene addition continued until the total set point was reached (2150 g,
21.7 moles). After completion of the phosgene addition, a sample of the reactor was obtained and
verified to be free of un-reacted BPA and free of chloroformate. Mw of a reaction sample was
determined by GPC (Mw = 30278, PDI = 2.7). An additional charge of phosgene was added (200
g, 2.0 mole) to the reactor. The reactor was purged with nitrogen and the batch was then
transferred to the centrifuge feed tank.

[0063] A dichloromethane dilution (8L) was added to the batch in the feed tank and then the
mixture was purified using a train of liquid — liquid centrifuges. Centrifuge one removed the
brine phase. Centrifuge two removed the catalyst by extracting the resin solution with aqueous
hydrochloric acid (pH 1). Centrifuges three through eight removed residual ions by extracting the
resin solution with DI water. A sample of the resin solution was tested and verified less than 5

ppm each of ionic chloride and residual triethylamine.
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[0064] The resin solution was transferred to the precipitation feed tank. The resin was
isolated as a white powder by steam precipitation followed by drying in a cone shaped dryer
using heated nitrogen (210 °F). Powder yield 3.1 kg. Mw = 28925, PDI =2.9.

[0065] Si/PC-T Preparation

[0066] The following describes the preparation of Si/PC-T used in the examples. The batch
was made using solution program addition of the end cap and pre-phosgenation of the siloxane
monomer using a tubular reactor to obtain a polycarbonate resin.

[0067] A solution of p-cumylphenol (157 grams, 0.74 moles, 4.0 mole %) was prepared in
500 mL of dichloromethane. The p-cumylphenol (PCP) solution was placed in an addition pot
connected to the reactor via a dosing pump.

[0068] A solution of eugenol capped D45 siloxane (312 g, 0.0082 mole, 5.8 wt % siloxane)
was prepared in 900 mL of dichloromethane. The D45 siloxane solution was placed in an
addition tank connected to the tubular reactor via a dosing pump. The tubular reactor (1/2 inch
diameter x 15 feet length, spiral upflow) is connected to the batch reactor.

[0069] Dichloromethane (13 L), DI water (8 L), bisphenol-A (4000 grams, 17.5 moles),
triethylamine (30 grams, 0.30 moles) and sodium gluconate (10 grams, iron scavenger) was
added to the formulation tank. The mixture was stirred for 5 minutes and then transferred to the
70 L batch reactor which was equipped with an overhead condenser, circulation loop, pH probe
and various material addition nozzles. The formulation tank was rinsed with dichloromethane (5
L) which was transferred to the batch reactor. The reactor agitator was started and the circulation
flow was set at 80 L/min. Phosgene vapor flow to the reactor was initiated (80 g/min flow rate)
by the DCS and an initial amount (220 grams, 2.2 moles) was added. The pH of the reaction was
maintained at a target of 10.0 by DCS-controlled addition of 33% aqueous NaOH.

[0070] After addition of the initial amount of phosgene, the PCP solution was added to the
reactor at 250 mL / min flow rate while phosgene flow to the reactor continued. At the same time
the feed to the tubular reactor was initiated with D45 siloxane flow (500 g/min) combining with
phosgene (28 g/min, 0.28 mole/min) and 18 % aqueous NaOH (316 g/min, 1.4 moles/min) in the
plug flow reactor directly feeding into the batch reactor. After completion of the dosing of the
D45 siloxane mixture to the reaction, the flow of phosgene and aqueous NaOH was stopped and

tubular reactor was flushed with dichloromethane (2 L). Phosgene addition to the batch reactor
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continued with pH control throughout the additions and until the total set point was reached
(2200 grams, 22.2 moles). After completion of the phosgene addition, a sample of the reactor
was obtained and verified to be free of un-reacted BPA and free of chloroformate. Mw of a
reaction sample was determined by GPC using a UV detector (Mw = 23533, PDI =2.7). An
additional charge of phosgene was added (200 grams, 2.0 mole) to the reactor. The reactor was
purged with nitrogen then the batch was transferred to the centrifuge feed tank.

[0071] A dichloromethane dilution (8 L) was added to the batch in the centrifuge feed tank
and then the mixture was purified using a train of liquid — liquid centrifuges. Centrifuge one
separated the brine phase. Centrifuge two removed the triethylamine catalyst by extracting the
resin solution with aqueous hydrochloric acid (pH 1). Centrifuges three through eight removed
residual ions by extracting the resin solution with DI water. A sample of the resin solution was
tested and verified less than 5 ppm each of ionic chloride and residual triethylamine.

[0072] The resin solution was transferred to the precipitation feed tank. The resin was
isolated as a white powder by steam precipitation followed by drying in a cone shaped vessel
using heated nitrogen (210 F). Powder yield 3.5 kg. Mw = 23297 PDI =2.7.

[0073] Si/PC-PT Preparation

[0074] The following describes the preparation of Si/PC-PT used in the examples.
Dichloromethane (6 L), DI water (9 L), bisphenol-A (3700 g, 16.2 moles), p-cumylphenol (116
g, 0.55 mole), triethylamine (30 g, 0.30 mole) and sodium gluconate (10 g) was added to the
formulation tank. The mixture was transferred to the batch reactor. The formulation tank was
rinsed with dichloromethane (3 L) which was transferred to the batch reactor. The reactor
agitator was started and circulation flow was set at 80 L/min. Phosgene flow to the reactor was
initiated (segment 1: 230 g, 80 g/min rate). A pH target of 10.0 was maintained throughout the
batch by the DCS controlled addition of 33 % aqueous sodium hydroxide. After 230 g phosgene
addition to the batch reactor, the tubular reactor was initiated to add D45 siloxane bis-
chloroformate to the batch reactor (1150 g, 0.30 mole, 20 wt % solution in dichloromethane
chilled to 50 F). The D45 solution flow rate to the tubular reactor was 500 g/min (11.5 min
addition cycle) with phosgene addition to the tubular reactor at 28 g/min (5 mol phosgene / mol
D45 OH group) and 18 % aqueous sodium hydroxide flow to the tubular reactor at 316 g/min (5
mol NaOH / mol phosgene, chilled to 40 F). After completion of siloxane addition to the tubular
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reactor, the batch reactor was flushed with dichloromethane (2 L) and DI water (2 L). Phosgene
flow continued to the batch reactor during the tubular reactor cycle (segment 2: 2070 g, 80 g/min
rate). The total phosgene addition time to the batch reactor was 29 minutes. A sample of the
reactor was obtained and verified to be free of unreacted BPA and free of chloroformate. Mw of
the reaction sample was determined by GPC Mw = 33185, PDI = 3.1. The reactor was purged
with nitrogen then the batch was transferred to the centrifuge feed tank.

[0075] A dichloromethane dilution (8 L) was added to the batch in the feed tank and then the
mixture was purified using a train of liquid — liquid centrifuges. Centrifuge one removed the
brine phase. Centrifuge two removed the catalyst by extracting the resin solution with aqueous
hydrochloric acid (pH 1). Centrifuges three through eight removed residual ions by extracting the
resin solution with DI water. A sample of the resin solution was tested and verified less than 5
ppm each of ionic chloride and residual triethylamine.

[0076] The resin solution was transferred to the precipitation feed tank. The resin was
isolated as a white powder by steam precipitation followed by drying in a cone shaped dryer
using heated nitrogen (210 °F). Powder yield 3.5 kg (Mw = 33223, PDI =3.1).

[0077] The presence of chloroformate is determined by placing approximately 1 mL of
reactor organic phase onto paper tape that is impregnated with 4-(4-nitrobenzyl)pyridine. A
yellow to orange color change indicates the presence of chloroformate groups.

[0078] The presence of unreacted BPA in reactor samples is determined by the following
method. 2 mL of reactor sample organic phase is diluted in 5 mL of dichloromethane. 5 mL of
dilute ammonium hydroxide is added to the solution and the mixture is shaken vigorously for 30
seconds. 10 mL of 1 % aqueous potassium ferricyanide is added to the mixture and the mixture is
shaken vigorously for 30 seconds. 5 mL of 1 % aqueous 4-aminoantipyrine is added to the
mixture and the mixture is shaken vigorously for 30 seconds. A yellow color indicates an
acceptable low amount of residual BPA. An orange to red color indicates an unacceptable high

amount of residual BPA.

EXAMPLES

Example 1

BPA Polvearbonate/ 20% Siloxane Polvcarbonate Block Copolvmer
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Blends with E-Glass Fiber

{6079} A design of experiment analysis was performed to evaluate the effect of changes in %
siloxane on the mechanical performance of polycarbonate blend compositions that comprise
polyorganostoxane/polycarbonate biock copolymer, polycarbonate polymer and glass fiber. The
target of the study was to design polycarbonate blend compositions using different loadings of
polvorganosiloxane/polycarbonate block copolymer and glass fiber.

{6080} The polysiloxane/polycarbonate block copolymer used was 100% S¢/PC-P, an opaque
block copolymer of bisphenol A and polydimethyisiloxane baving 20% siloxane by weight. The
glass fiber was Lexan™ bonding glass fiber G912, an E-glass fiber sized for polycarbonate
polymer {commercially available from SABIC Innovative Plastics). The polycarbonate polymer,
PC-BPA was a high flow grade derived from bisphenol A. A phosphite beat stabilizer was
included i each formulation in equal amounts.

{0081} The design of experiment results are set forth in Table 1 below as formulations (1-
10). The effective % siloxane for the overall composition (resin phase and glass phase) as well
as the effective % siloxane for the resin phase were calculated and are shown in Table 1. All

quantities in Table 1 are expressed as weight percentages.

TABLE 1

Description 1 2 3 4 5 6 7 8 9 10
Si/PC-P 0 0 1624 | 1624 | 2748 | 3748 | 4371 | 53.71 | 6495 | 74.95
PC-BPA HF T495 | 54055371 4371|2748 | 3748 | 1624 | 1624 |0 0
Grade

E-Glass Fiber 25 45 30 40 45 25 40 30 35 25
Phosphite 005 (005 (005 005 005 (005 (005 [0.05 005 |0.05
Stabilizer

TOTAL 106 100 100 100 100 106G 100 100 106G 100
Effective %51 0.0 0.0 32 3.2 5.5 7.5 8.7 107 | 130 | 150
resin + glass fiber

phase
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Description i 2 3 4 5 ) 7 8 9 10
Effective %St 0.0 0.0 4.6 54 100 | 100 1406 153 200 |200
resin phase
Effective total 75 55 70 60 55 75 60 70 65 75
resin content

Exaruple 2

BPA Polycarbonate/ 20% Siloxane Polycarbonate Copolvmer

Blends with §-Gilags Fiber

{6082} A second destgn of experiment analysts was performed to further evaluate the effect
of the changes in % siloxane on the mechanical performance of polycarbonate blend
compositions that comprise polysiloxane/polycarbonate biock copolymer, polycarbonate and
glass fiber. As before in Example 1, the target of the study was to design polycarbonate blend
compositions using different loadings of polysiloxane/polycarbonate block copolymer and glass
fiber.

{0083} The polystloxane/polycarbonate block copolymer used was the same as in Example 1
{(100% SyPC-P) an opaque copolymer of bisphencl A and polydimethylsiloxane having 20%
stloxane by weight. The glass fiber was 10 pm, 4.7 mm S-glass fiber (commercially available
from Owens Comning Fiberglass). The polycarbonate polymer was a high flow grade dertved
from bisphenol A, A phosphite heat stabilizer was included in each formulation 1n equal
amounts.

0084} The design of experiment results are set forth in Table 2 below as formulations (1-
11). The effective % siloxane for the overall composition was calculated for each formaulation

and is shown in Table 2. All quantities in Table 2 are expressed as weight percentages.

TABLE 2

3 4 5 6

~4

8 9 10 il

N2

Description 1

StPC-P 0.0 0. 0.0 9983 | 14975

[
=
NS
3
o

14975 | 22463 | 22.463 | 2995 | 2995

PC-BPA HF 8895 | 6745 | 44.95 | 49967 | 74.973
Grade

N
5
N
N

St

20975 | 44988 | 33738 | 60.0 15.00
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Description 1 2 3 4 5 6 7 8 9 10 i1
S-glass fiber 106 [ 325 [5350 40.0 10.0 21.250 | 55.0 3250 | 43750 | 100 | 53500
Stabilizer 005 | 005 | 003 .03 (.05 0.05 0.05 0.05 0.05 0.05 | 0.05
TOTAL 100 100 100 100 160 100 100 {00 {00 {00 100
Effective 8i%: | © 0 v 2.0 3.0 30 3.0 4.5 4.5 6.0 6.0

resin + glass

fiber phase

Example 3
BPA Polvcarbonaie/ Stoxane Polvearbonate Copolvmer

Blends with 25% 8-Glass Fiber

{6083} A third design of experiment analysis was performed to turther evaluate the
mechanical performance of polycarbonate blend compositions that comprise
polyorganosiioxane/polycarbonate biock copolymer, polycarbonate polymer and glass fiber.

The target of this study was to design polycarbonate blend compositions using ditferent
polysiloxane/polycarbonate block copolymers in varying amounts while the amount of glass
fiber, 25% and the type of glass fiber rervained the same. The polyorganosiloxane/polycarbonate
block copolymers used differed in the amount of siloxane in the copolymers and also in how they
were made, 1.e., batch versus tube and/or transparent versus opague polymerization processes.
{3086} Three different polyorganosiloxane/polycarbonate block copolymers were used in this
study: (1} S¥PC-P, an opaque block copolymer of bisphenol A polycarbonate and
polydimethyisiloxane having 20% siloxane by weight produced by baich polymerization (used in
Examples T and 2); (2) a transparent block copelymer of bisphenol A polycarbonate and
polydimethyisitoxane (commercially available as LEXAN EXL 14147 from SABIC Innovative
Plastics); and (3) St/PC-PT, a semi-transparent block copolymer of bisphenol A polycarbonate
and polydimethyisiloxane having 20% siloxane by weight produced by tube polymerization.
{8087} All of the compositions included 25% by weight of 10 um, 4.7 mm S-glass fiber
{commercially available from Owens Corning Fiberglass). The polycarbonate polymer (PC-
BPA) was a high flow grade derived from bisphenol A {(commercially available as LEXAN ML

from SABIC Innovative Plastics). Other additives such as phosphite heat stabilizer Trgatos 168
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{commercially available from Ciba-Geigy) and lobricant Glycolube™ P-ETS (commercially
available from Lonza} were included in each formulation in equal amounts.

{B088] The results of the design of experiment are set forth in Table 3 below as formulations
(1-7). The effective % siloxane for the overall composition and the resin phase were calculated

for each formulation and are shown in Table 3. All quantities in Table 3 are expressed as weight

percentages.
TABLE 3
i 2 3 4 5 6 7

1 LEXAN™ EXL &7 33 0 O O 0 0
143147

2 Sy/PC-PT 0 0 0 0 0 0 17
{pelletized)

3 Sy/PC-PT ¢ 0 17 & G ¢ ¢
{pelietized)

4 PC-BP/ 7.5 41.5 575 66.5 73 71 57.5
S-glass fiber 25 25 25 25 25 25 25

5 CiBA GEIGY 0.1 0.1 0.1 0.1 0.1 0.1 0.1
IRGAFOS 168

6 LONZA 0.3 0.3 03 0.3 0.3 0.3 0.3
GLYCOLUBE
PETS

Si% overall 3.35 1.65 3.4 1.6 & 8 3.4

Si% resin 4.59 2.21% 4.56 2.15 & 6 4.56

Exarnople 4
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Mechanical Performance of

BPA Polvecarbonate/ 20% Siloxane Polvcarbonate Block Copolymer

Blends with E-Glass Fiber

[0089] The polycarbonate blends from Example 1 reinforced with E-glass according to the
formulations in Table 1 were tested for various properties. These properties are set forth below
in Table 4. NMR spectroscopy was used to determine the % siloxane in the overall composition
as well as the %o sitoxane 1n the resin phase and the % BPA of the composttion.

10090} “Den” refers to density measured in accordance with standard ASTM D792, “TM”
refers to tensile modulus measured 1n accordance with standard ASTM D638, 5 mm/min. “T8”
refers to tensile strength measured in accordance with standard ASTM D638, 5 mm/min. “TE”
refers to tensile elongation measured in accordance with standard ASTM D638, S mm/min.
“FM” refers to flexural modulus measured in accordance with standard ANTM 790, 3 Z2mm.
“FS7 refers to flexural strength measured in accordance with standard ASTM D790, 3 Zmi.
“NH” refers to 120D notched iropact strength in accordance with standard ASTM D236, 23°C,
2.751 “UNII” refers to unnotched [ZOD impact strength in accordance with standard ASTM
3256, 23°C, 11 1 “MFR” refers to melt flow rate in accordance with standard ASTM D1238,

285C, 5k. Unless otherwise specified, quantities in Table 4 are expressed as weight percentages.

TABLE 4

Units | 1 2 3 4 5 6 7 8 g 10
%8 % ] 0 32 32 |55 75 |87 | 107 | 130 |150
overall
%81 %% 0 0 4.6 54 | 100 | 100 | 1406 | 153 |200 | 200
resin
BPA % 75 55 567 | 667 [ 495 |675 |512 |592 520 |60.0
Glass % 25 45 40 30 45 25 40 30 35 25
Fiber
DEN Mpa | 14 1.6 1.4 1.5 1.5 1.3 1.5 |14 1.4 14
™ Mpa | 7062 | 11960 | 10080 | 7878 | 10920 | 6736 | 9324 | 7360 | 7460 | 5690
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Units | 1 2 3 4 5 6 7 8 9 10

TS Mpa | 113|140 [126 |114 [124 |99 |972 [879 [s4 [489
TE % 269 [202 247 |263 [245 [265 [204 [226 |145 |1.60
FM Mpa | 7210 | 12800 | 11000 | 8450 | 11800 | 6740 | 980G | 7500 | 7350 | 5760
FS Mpa | 183|221 [208 [188 [193 [157 [150 [129 [839 [737
NI ¥mo 120 [143 [193 193 [201 |20 [175 [162 |946 [935

UNIE Fm | 879 803 797 795 | 751 706 | 583 | 524 | 250 | 296

MEFR g/t | 284 33 16.3 255 192 112 [ 492 | 477 267 | 233

min

Viscosity | Pars | 210 226 238 206 | 231 200 | 187 | 177 147 144

8091} The results in Table 4 demonstrate a clear trend of mechanical performance according
to the %o Si and % glass fiber. FIGS. 2 and 3 are graphs reflecting the tensile modulus and tensile
strength, respectively, as a function of % Si in the resin phase for glass foadings between 25-
45%. From FIG. 2, it can be seen that the teusile modulus decreased as % 51 in the resin phase
increased. The tensile modulus also decreased as the glass loading decreased. For example, the
highest tensile modulus values occurred at the lower % 81 in the resin phase and the higher glass
foadings. From FIG. 3, 1t can be seen that the tensile strength reached a maximum at 40 wi%
g¢lass fiber and then decreased only slightly as the %6 51 1o the resin phases increased. The tensile
strength, however, decreased dramatically when % 51 exceeded 10% independent of glass
Ioadings between 25-45 wt%.

10092] FIGS. 4 and 5 are graphs reflecting the notched and unnotched 120D iropact values,
respectively, as a function of the % Si in the resin phase for glass loadings between 25-45%.
From F1G. 4, it can be seen that the notched 20D impact had an optimal range between 5-10%
Si 11 the resin phase independent of glass loadings between 25-45%. FIG. 5 demonstrates that
the trend for unnotched IZ0D impact is similar to the trend for tensile strength and 18
independent of glass loading. The unnotched IZ0D impact gradually decreased as the % 51 in

the resin phase increased and then started to decrease dramaticaily when %% 8i exceeded 10%.

Example 5
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Mechanical Performance of

BPA Polvecarbonate/ 20% Siloxane Polvcarbonate Block Copolymer

Blends with 5-Glass Fiber Loadings

10093} Another design of experiment analysis was performed to further evaluate the effect of
glass loading on the mechanical performance of the polycarbonate blend composttions that
comprise polyorganosiioxane/pelycarbonate block copolymer and polycarbonate. This
experiment designed compostiions having between 3 to 7.5 wi% 51 in the resin phase and 10 to
55 wt% glass loadings. The polyorganosiioxane/polycarbonate block copolymer used was
SYPC-P (the same as in Example 1), an opaque copolymer of bisphenol A and
polvdimethylsiloxane having 20% siloxane by weight. The glass fiber used was 10 pm, 47 mm
S-glass fiber {commercially available from Owens Coming Fiberglags).

{0094} Notched 120D impact, and unnotiched 120D impact were calculated and plotied
against % St in the resin phase for the different glass Ioadings. The results of the experiment are
shown graphically 1o FIGS. 6 and 7 and generally follow the previous trends observed. At 55%
¢lass loading, the glass phase became the dominant phase in the composition and determined the
mechanical properties of the compostiion. As shown in FIGS. 6 and 7, the combined optimmum

performance of the mechanical properties was observed around 5 wt%s 8i in the resin phase.

Example ¢

Mechanical Performance of

BPA Polvcarbonate/ Siloxane Polvcarbonate Copolvmer

Blends with 25% S-(Glass Fiber

{6095} Another design of experiment analysis was performed to further evaluate the effect of
using different polysiloxane/polycarbonate block copolymers on the mechanical properties of
polycarbonate biend compositions that included 25% S-glass loadings.

8096} Three different polyorganosiloxane/polycarbonate block copolymers were used in this
study: (1} Si/PC-P, an opaque block copolymer of bisphenol A polvcarbonate and

polydimethylsiloxane having 20% siloxane by weight produced by batch polymerization (used in
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Examples 1 and 2); (2) a trausparent block copolymer of bisphenol A polycarbonate and
polydimethyisitoxane (commercially available as LEXAN EXL 14147 from SABIC Innovative
Plastics}; and (3} Si/PC-PT, a semi-transparent block copolymer of bisphenol A poelycarbonate
and polydimethyisiloxane having 20% siioxane by weight produced by tube polymerization. All
of the compositions included 25% by weight of 10 wm, 4.7 mm S-glass fiber (commercially
available from Owens Corning Fiberglass).
{6097} The notched and unnotched 20D impact for each composition was plotted as a
function of % §i in the resin phase and 1s shown 1o FIGS. 8 and 9. The flexural strength and
viscosity was also plotted as a function of 9% 81 in the resin phase and is shown in FIGS. 10 and
11, From FIGS. 8-11, i can be seen that the results are generally the same for compositions
having the same % St in the resin phase.  Therefore, mechanical performance was a function of
the % Si 1n the resin and was independent of the polymerization process (batch or tube) used to
form the block copolymer and the stloxane domain size. Furthermore, mechanical performance
of the composition was not affected by whether the block copolymer used was in an opaque,
semi-transparent ot transparent form.

Exampie 7

Weldline Performance of

BPA Polycarbonate/ Siloxane Polvcarbonate Copolvmer

Blends with 25% S-Glass Fiber

{6098} Another design of experiment analysis was performed to evaluate the weldline
strength of polycarbonate blend compositions using different polysiloxane block copolymers
with 25% S-glass loadings. The polycarbonate blend compositions used in this design of
experiroent were the same as in Example 6. The weldline performance was tested 1n accordance
with ASTM D638 using a tensile bar tool that is end-gated at both ends. The melt flow front
meets at the neck of the tensile bar to form a weldline. Flow fronts, however, are commonly
avoided in real tool designs. Therefore, actual weldline performance for these polycarbonate
blend compositions may be even better,

{3099] FIG. 10 graphically presents the results for tensile modulus and tensile strength at the

weldline. As shown in FIG. 10, the tensile strength at weldline 1s typically at 50 MPa for all of
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the glass fiber reinforced polvcarbonate blend compositions. Again, the results for the
compositions overlapped each other according to %oSi in the resin phase regardless of the domain

size of the siloxane polycarbonate block copolymer.

Example 8

Surface Aesthetics of Molded Articles

[80100] A visual comparison was made of injection molded 0. 8mm flame bars that were
formed using three different polycarbonate blend compositions. The polycarbonate blend
compositions included 25 wt?s S-glass fiber and 4.5 wi?s St 1o the vesin phase. The
polycarbonate blend compositions varied by the polyorganosiloxane/polycarbonate block
copolymer (SUYPC-P, Si/PC-PT, and SVPC-T) used in the composition.

{80161] Visual comparison show that flame bars having the darkest color were formed using
SYPC-P, an opaque polyorganosiloxane polycarbonate block copolymer having 20 wi% siloxane.
The flame bars having a median dark color were formed using Si/PC-PT, a semi-transparent
polyvorganosiioxane polycarbonate block copolymer having 20 wt% siloxane. The flame bars that
were formed using polyorganosiloxane polycarbonate block copolymer having 6 wit%s siloxane
show the lightest color, the best surface gloss, and least defects due to the migration of the
stloxane to the surface. The flame bars were center gated and the surface defects are the most

pronounced at the two ends, while the center was the gate mark.

ASPECTS

100102]  In various aspects, the present disclosure pertains to and includes at least the
following aspects: Aspect 1: A thermoplastic composition comprising: (a) a resin phase
comprising a polysiloxane block copolymer and a polycarbonate, wherein the polysiloxane block
copolymer comprises polyorganosiloxane blocks and polycarbonate blocks and the resin phase
has between 2.0% and 10.0% by weight of siloxane; and (b) 10% to 55%, especially 25% to 45%
of glass fibers by weight of the thermoplastic composition.

[00103] Aspect2: The composition of aspect 1, wherein the resin phase has between 3.0 wt%
and 7.5 wt% of siloxane.
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[00104] Aspect3: The composition of any of the preceding aspects, wherein the resin phase
has 5 wt% of siloxane.

[00105] Aspect 4: The composition of any of the preceding aspects, wherein the glass phase
comprises E-glass fibers, S-glass fibers or a combination thereof.

[00106] Aspect 5: The composition of any of the preceding aspects, wherein the
polycarbonate is not the same as the polysiloxane block copolymer.

[00107] Aspect 6: The composition of any of the preceding aspects, wherein the
polycarbonate is derived from bisphenol A.

[00108] Aspect 7: The composition of any of the preceding aspects, wherein the polysiloxane
block copolymer comprises polydimethylsiloxane and bisphenol A.

[00109] Aspect 8: The composition of any of the preceding aspects, wherein the
polyorganosiloxane blocks comprise polydimethylsiloxane and the polycarbonate blocks are
derived from or comprise bisphenol A.

[00110] Aspect 9: The composition of any of the preceding aspects, wherein the polysiloxane
block copolymer contains 6% to 20% by weight of siloxane.

[00111] Aspect 10: The composition of aspect 9, wherein the polysiloxane block copolymer is
produced using a tube polymerization process.

[00112] Aspect 11: The composition of any of the preceding aspects, wherein the
polysiloxane block copolymer contains 6% by weight of siloxane.

[00113] Aspect 12: The composition of aspect 11, wherein the polysiloxane block copolymer
is produced using a tube polymerization process.

[00114] Aspect 13: The composition of any of the preceding aspects, wherein the
polysiloxane block copolymer contains 20% by weight of siloxane.

[00115] Aspect 14: The composition of aspect 13, wherein the polysiloxane block copolymer
is produced using a batch polymerization process.

[00116] Aspect 15: The composition of any of the preceding aspects, wherein the
polysiloxane block copolymer is transparent.

[00117] Aspect 16: The composition of any of the preceding aspects, wherein the

polysiloxane block copolymer is semi-transparent.
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[00118] Aspect 17: The composition of any of the preceding aspects, wherein the
polysiloxane block copolymer is opaque.

[00119] Aspect 18: An article comprising the thermoplastic composition of any of the
preceding aspects.

[00120] Aspect 19: The composition of any of the preceding aspects, wherein the composition
has a notched Izod impact strength ranging from 150 to 210 Joules per meter measured at 23° C
according to ASTM D256.

[00121] Aspect 20: The composition of any of the preceding aspects, wherein the composition
has a notched Izod impact strength of at least 190 Joules per meter measured at 23° C according
to ASTM D256.

[00122] Aspect 21: The composition of any of the preceding aspects, wherein the composition
has a notched Izod impact strength of at least 200 Joules per meter measured according to ASTM
D256.

[00123] Aspect 22: The composition of any of the preceding aspects, wherein the composition
has a tensile strength greater than 95 MPa as determined by ASTM D638.

[00124] Aspect 23: The composition of any of the preceding aspects, wherein the composition
has a tensile strength greater than 100 MPa as determined by ASTM D638.

[00125]  Aspect 24: The composition of any of the preceding aspects, wherein the composition
has a tensile strength greater than 125 MPa as determined by ASTM D638.

[00126] Aspect 25: The composition of any of the preceding aspects, wherein the composition
has a tensile modulus greater than 6700 MPa as determined by ASTM D638.

[00127] Aspect 26: The composition of any of the preceding aspects, wherein the composition
has a tensile modulus greater than 7800 MPa as determined by ASTM D638.

[00128] Aspect 27: The composition of any of the preceding aspects, wherein the composition
has a tensile modulus greater than 10,000 MPa as determined by ASTM D638.

[00129] Aspect 28: The composition of any of the preceding aspects, wherein the composition
has a tensile modulus greater than 10,900 MPa as determined by ASTM D638.

[00130] Aspect 29: The composition of any of the preceding aspects, wherein the composition
has an unnotched Izod impact strength ranging from 700 to 800 Joules per meter measured at 23°

C according to ASTM D256.
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[00131] Aspect 30: The composition of any of the preceding aspects, wherein the composition
has an unnotched Izod impact strength greater than 700 Joules per meter measured at 23° C
according to ASTM D256.

[00132] Aspect 31: The composition of any of the preceding aspects, wherein the composition
has an unnotched Izod impact strength greater than 750 Joules per meter measured at 23° C
according to ASTM D256.

[00133] Aspect 32: The composition of any of the preceding aspects, wherein the composition
has an unnotched Izod impact strength greater than 775 Joules per meter measured at 23° C
according to ASTM D256.

[00134] Aspect 33: The composition of any of the preceding aspects, wherein the composition
has an unnotched Izod impact strength greater than 790 Joules per meter measured at 23° C
according to ASTM D256.

[00135] Aspect 34: The composition of any of the preceding aspects, wherein the elongation
at break of the composition is equal to or greater than 2.45% as determined by ASTM D256.
[00136] Aspect 35: The composition of any of the preceding aspects, wherein the viscosity of
the composition ranges from 200 to 240 Pa-s.

[00137] Aspect 36: The composition of any of the preceding aspects, wherein the viscosity of
the composition is greater than 225 Pa-s.

[00138] Aspect 37: The composition of any of the preceding aspects, wherein the melt flow
rate of the composition ranges from 9 to 25 g/10 min and the density of the composition is equal
to or greater than 1.3 g/cm’.

[00139] Aspect 38: The composition of any of the preceding aspects, wherein the
polysiloxane block copolymer comprises polydimethylsiloxane and bisphenol A; the
polycarbonate homopolymer is derived from bisphenol A, and the composition has (1) a notched
Izod impact strength of at least 150 Joules per meter measured at 23° C according to ASTM
D256; and (i1) a tensile strength greater than 95 MPa as determined by ASTM D638.

[00140] Aspect 39: A thermoplastic composition comprising: (a) a resin phase comprising a
polysiloxane block copolymer including polydimethylsiloxane blocks and polycarbonate blocks
derived from bisphenol A, and (2) a bisphenol A homopolycarbonate, wherein the resin phase

has between 2.0 wt% and 10 wt% of siloxane, and (b) 10% to 55%, especially 25% to 45% glass
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fibers by weight of the thermoplastic composition, wherein the composition has (i) a notched
Izod impact strength of at least 150 Joules per meter measured at 23° C according to ASTM
D256; (i1) a tensile strength greater than 95 MPa as determined by ASTM D638; (iii) a tensile
modulus greater than 10,900 MPa as determined by ASTM D638 and (iv) an unnotched 1zod
impact strength greater than 775 Joules per meter measured at 23° C according to ASTM D256.
[00141] Aspect 40: The composition of the preceding aspects, wherein the polysiloxane
copolymer has a weight average molecular weight from about 20,000 to about 80,000.

[00142] Aspect 41: The composition of the preceding aspects, wherein the polysiloxane
copolymer has a weight average molecular weight from about 30,000 to about 60,000.

[00143] Aspect 42: The composition of the preceding aspects, wherein the polycarbonate has
a weight average molecular weight from about 3,000 to about 30,000.

{00144] Aspect 43: The composition of any of the preceding aspects, wherein the
polysiloxane block copolymer comprises repeating structural units of formula (1)

1}
] ’

R Qe e

wherein at least 60 percent of the total number of R groups are aromatic organic radicals and the
balance thereof are aliphatic, alicyelic, or aromatic radicals, and repeating structural units of
formula (IV)

(1Y

wherein R’ is independently at each occurrence an aryl or aralkyl radical having 1 to 25 carbon
atoms, R’ is an aromatic radical having 6 to 8 carbon atoms, R' is independently at each
occurrence a hydrogen, halogen, alkoxy having 1 to 8 carbon atoms, alkyl having 1 to 8 carbon
atoms, or aryl having 6 to 13 carbon atoms; and wherein n 13 an integer that is less thao or eqgual
to 1,000; and

wherein the polycarbonate polymer is different than the polysiloxane block copolymer and

comprises repeating structural units of formula (XVII}
NV
1

e RS ety e (e (G e
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wherein at least 60 percent of the total number of R’ groups are aromatic organic radicals and the
balance thereof are aliphatic, alicyclic, or aromatic radicals.

[00145]  Aspect 44: The composition of the preceding aspects, wherein the composition has
from 25% to 45% of glass fibers by weight, a notched Izod impact strength between 150 and 205
Joules per meter measured at 23° C according to ASTM D256, a tensile strength between 95 and
125 MPa as determined by ASTM D638, and the resin phase of the composition has between 4%
and 10% by weight of siloxane.

[00146] Aspect 45: The composition of the preceding aspects, wherein the composition has
from 25% to 45% of glass fibers by weight, a notched Izod impact strength of at least 200 Joules
per meter measured at 23° C according to ASTM D256, a tensile strength greater than 110 MPa
as determined by ASTM D638, and the resin phase of the composition has between 4% and 10%

by weight of siloxane.

DEFINITIONS

180147] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention, example methods and materials are
now described.

{00148]  As used in the specification and the appended claims, the singular forms “a,” “an”
and “the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to “a nanocomposite” inchudes mixtures of two or more nanocomposites, and
the like.

{00149] Ranges can be expressed herein as from “about” one particular value, and/or to
“about” another particular value. When such a range is expressed, another aspect includes from
the one particular value and/or to the other particular value. Similarly, when values are expressed
as approximations, by use of the antecedent “about,” it will be understood that the particular

value forms another aspect. It will be further understood that the endpoints of each of the ranges
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are significant both in relation to the other endpoint, and independently of the other endpoint. It
is also understood that there are a number of values disclosed herein, and that each value is also
herein disclosed as “about” that particular value in addition to the value itself. For example, if the
value “107 is disclosed, then “about 10” is also disclosed. It is also understood that each unit
between two particular units are also disclosed. For example, if 10 and 15 are disclosed, then 11,
12, 13, and 14 are also disclosed.

[00150] The term “molded article” as used herein refers to an article formed by any type of
molding process or combination of molding processes known in the art. These molding
processes include, but are not limited to, various melt forming process, injection molding, blow
molding (stretch, extrusion or injection), sheet and film extrusion, profile extrusion,
thermotorming, additive manufacturing, compression molding, fiber extrusion, powder sintering,
transfer molding, reaction injection (RIM) molding, vacuum forming, cold casting, dip molding,
slush molding and press molding.

{00151]  Asused herein, the terms “optional” or “optionally” means that the subsequently
described event or circumstance can or cannot occur, and that the description includes instances
where said event or circumstance occurs and instances where it does not.

{80132] Disclosed are the compounents to be used to prepare the compositions of the invention
as well as the compositions themselves to be used within the methods disclosed herein. These
and other materials are disclosed herein, and 1t 1s understood that when combinations, subsets,
interactions, groups, etc. of these materials are disclosed that while specific reference of each
various individual and collective combinations and permutation of these compounds cannot be
explicitly disclosed, each is specifically contemplated and described herein. For example, if a
particular compound is disclosed and discussed and a number of moditications that can be made
to a number of molecules including the compounds are discussed, specifically contemplated 13
each and every combination and permutation of the compound and the modifications that are
possible unless specifically indicated to the contrary. Thus, it a class of molecules A, B, and C
are disclosed as well as a class of molecules I, E, and F and an example of a combination
molecule, A-D is disclosed, then even if each is not individually recited each is individually and
coliectively contemplated meaning combinations, A-E, A-F, B-D, B-E, B-F, C-D, C-E, and C-F

are considered disclosed. Likewise, any subset or combination of these is also disclosed. Thus,
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for example, the sub-group of A-E, B-F, and C-E would be considered disclosed. This concept
applies to all aspects of this application including, but not limited to, steps in methods of making
and using the compositions of the invention. Thus, if there are a variety of additional steps that
can be performed it is understood that each of these additional steps can be performed with any
specific embodiment or combination of embodiments of the methods of the invention.

{60153] References in the specification and concluding claims to parts by weight, of a
particular element or component in a composition or article, denotes the weight relationship
between the element or component and any other elements or components in the composition or
article for which a part by weight is expressed. Thus, in a compound containing 2 parts by
weight of component X and S parts by weight component Y, X and Y are preseunt at a weight
ratio of 2:5, and are present in such ratio regardless of whether additional components are
contained in the compound.

{00154] A weight percent of a component, unless specifically stated to the contrary, 1s based
on the total weight of the formulation or composition in which the component 1s included. For
example it a particular element or component in a composition or article 1s said to have 8%
weight, it is understood that this percentage is relation to a total compositional percentage of
100%.

{80155] The term “hydrocarby]” as used herein means the mongovalent moiety obtained upon
removal of a hydrogen atom from a pareot hydrocarbon. Representative of hydrocarbyl are alkyl
of 1 t0 25 carbon atoms, inclusive such as methyl, ethyl, propyl, butyl, pentyi, hexyi, heptyl,
octyl, nonyl, undecyl, decyl, dodecyl, octadecyl, nonadecyl eicosyl, heneicosyl, docosyl, tricosyl,
tetracosvl, pentacosyl and the isomeric forms thereof, aryl of 6 to 25 carbon atoms, inclusive,
such as phenvl, tolyl, xylyl, napthyl, biphenyl, tetraphenyl and the like; aralkyl of 7 to 25 carbon
atorus, inclusive, such as benzyl, phenethyl, phenpropyl, phenbutyl, phenhexyl, napthoctyl and
the like; cycloalkyl of 3 to 8 carbon atoms, inclusive, such as cyclopropyl, cyclobutyl,
cyclopentyl, eyvclohexyi, cycloheptyl, cvclooctyl and the hike.

{80156] The term “alkylene” means the divalent moiety obtained on removal of two hydrogen
atorns, each from a non-adjacent carbon atom of a parent hydrocarbon and includes alkylene of 3
to 15 carbon atoms, inclusive, such as 1 3-propylene, 1, 4-butylene, 1,5-pentylene, 1,&-cctylene,

1, 10-decylene and the like.
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{00157])  Throughout the disclosure, the term “° C7 indicates degrees Celsius,
{00158]) The term “alkyl” as used in the various embodiments of the present disclosure is
intended to designate straight chain alkyls, branched alkyls, aralkyls, cycloalkyls, and
bicycloalkyl radicals. The straight chain and branched alkyl radicals, unless otherwise specified,
are those containing about | to about 40 carbon atoms, and include as illustrative non-limiting
examples methyl, ethyl, n-propyi, isopropyl, n-butyl, sec-butyl, tertiary-butyl, pentyl, neopentyl,
hexvl, heptyl, octyl, nonyl, decyi, undecyl and dodecy!. In various embodiments, cycloalkyl
radicals represented are those containing about 3 o about 12 ring carbon atoms. Some
titustrative non-limiting examples of these cycloalkyl radicals include cyclobutyl, cyclopentyl,
cyclohexyl, methyleyclohexyl, and cycloheptyl. In various embodiments, aralkyl radicals are
those containing about 7 to 14 carbon atoms; these inchude, but are not limited to, benzyl,
phenylbutyl, phenylpropyl, and phenylethyl In various other embodiments, aromatic radicals
used in the present disclosure are intended to designate monocyclic or polyeyclic moteties
containing about 6 to about 12 ring carbon atoms. These aryl groups may also contain one or
more halogen atoms or alky] groups substituted on the ting carbons. In most embodiments, any
substituent present is not in a ring position that would prevent an appropriate aromatic radical,
such as in a phenolic aromatic radical, from reacting with an appropriate olefinic group, such as
in a monoterpene. Some tilustrative non-limiting examples of these aromatic radicals include
phenyl, halophenyl, biphenyl, and naphthyl. In another erobodiment, aromatic radicals used o
the present disclosure are intended to designate aralkyl radicals containing about 7 to 14 carbon
atoms.
{00159] Each of the materials disclosed herein are either commercially available and/or the
methods for the production thereof are known to those of skill in the art.

[80168] It 1s understood that the compositions disclosed herein have certain functions.
Dhsclosed herein are certain structural requirements for performing the disclosed functions, and it

is understood that there are a variety of structures that can perform the same function that are

related to the disclosed structures, and that these structures will typically achieve the same result.
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CLAIMS

We claim:

1. A thermoplastic composition comprising:

(a) a resin phase comprising a polysiloxane block copolymer and a polycarbonate,
wherein the polysiloxane block copolymer comprises polyorganosiloxane blocks and
polycarbonate blocks and the resin phase has between 2.0% and 10.0% by weight of siloxane;
and

(b) 10% to 55%, especially 25% to 45% of glass fibers by weight of the thermoplastic

composition.

2. The thermoplastic composition of claim 1, wherein the resin phase has between 3.0 wt% and

7.5 wt% by weight of siloxane.

3. The thermoplastic composition of claim 1, wherein the polycarbonate is not the same as the

polysiloxane block copolymer.

4. The thermoplastic composition of any one of the preceding claims, wherein the glass fibers

comprises S-glass fibers, E-glass fibers or a combination thereof.

5. The thermoplastic composition of any one of the preceding claims, wherein the
polyorganosiloxane blocks comprise polydimethylsiloxane and the polycarbonate blocks

comprise bisphenol A polycarbonate.

6. The thermoplastic composition of any one of the preceding claims, wherein the polysiloxane

block copolymer contains 6% to 20% by weight of siloxane.

7. The thermoplastic composition of any one of the preceding claims, wherein the composition
has a notched Izod impact strength of at least 150 Joules per meter measured at 23° C

according to ASTM D256.
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The thermoplastic composition of any one of the preceding claims, wherein the composition
has a notched Izod impact strength of at least 200 Joules per meter measured according to

ASTM D256.

The thermoplastic composition of any one of the preceding claims, wherein the composition

has a tensile strength greater than 95 MPa as determined by ASTM D638.

The thermoplastic composition of any one of the preceding claims, wherein the composition

has a tensile strength greater than 125 MPa as determined by ASTM D638.

The thermoplastic composition of any one of the preceding claims, wherein the composition

has a tensile modulus greater than 6700 MPa as determined by ASTM D638.

The thermoplastic composition of any one of the preceding claims, wherein the composition

has a tensile modulus greater than 10,900 MPa as determined by ASTM D638.

The thermoplastic composition of any one of the preceding claims, wherein the composition
has from 25% to 45% of glass fibers by weight, a notched Izod impact strength between 150
and 205 Joules per meter measured at 23° C according to ASTM D256, a tensile strength
between 95 and 125 MPa as determined by ASTM D638, and the resin phase of the

composition has between 4% and 10% by weight of siloxane.

The thermoplastic composition of any one of the preceding claims, wherein the composition
has from 25% to 45% of glass fibers by weight, a notched Izod impact strength of at least
200 Joules per meter measured at 23° C according to ASTM D256, a tensile strength greater
than 110 MPa as determined by ASTM D638, and the resin phase of the composition has
between 4% and 10% by weight of siloxane.

The thermoplastic composition of any one of the preceding claims, wherein the elongation at

break of the composition is equal to or greater than 2.45% as determined by ASTM D256.

The thermoplastic composition of any one of the preceding claims, wherein the melt flow
rate of the composition ranges from 9 to 25 g/10 min and the density of the composition is

equal to or greater than 1.3 g/cm’.
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17. The thermoplastic composition of any one of the preceding claims, wherein the
polyorganosiloxane blocks comprise polydimethylsiloxane and the polycarbonate blocks
comprise bisphenol A polycarbonate; the polycarbonate comprises bisphenol A
polycarbonate; and the composition has (i) a notched 1zod impact strength of at least 150
Joules per meter measured at 23° C according to ASTM D256; and (i) a tensile strength
greater than 95 MPa as determined by ASTM D638.

18. A thermoplastic composition comprising:

(a) a resin phase comprising a polysiloxane block copolymer including
polydimethylsiloxane blocks and bisphenol A polycarbonate blocks, and (2) a bisphenol A

homopolycarbonate, wherein the resin phase has between 2.0 wt% and 10 wt% of siloxane, and

(b) 10% to 55%, especially 25% to 45% glass fibers by weight of the thermoplastic
composition, wherein the composition has (i) a notched Izod impact strength of at least 150
Joules per meter measured at 23° C according to ASTM D256; (i1) a tensile strength greater than
95 MPa as determined by ASTM D638; (iii) a tensile modulus greater than 10,900 MPa as
determined by ASTM D638 and (iv) an unnotched I1zod impact strength greater than 775 Joules
per meter measured at 23° C according to ASTM D256.

19. A thermoplastic composition comprising:

{2} 10% to 55%, especially 25% to 45% of glass fibers by weight of the thermoplastic
composition; and

{b) a resin phase comprising a polysiloxane block copolymer and a polycarbonate
polymer, wherein the polysiloxane block copolymer comprises repeating structural units of

formula (1)
i 45}
|
e
wherein at least 60 percent of the total number of R groups are aromatic organic radicals and the
balance thereof are aliphatic, alicyelic, or aromatic radicals, and repeating structural units of

formula (IV)
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wherein R’ is independently at each oceurrence an aryl or aralkyl radical having 1 to 25 carbon
atoms, R’ is an aromatic radical having 6 to 8 carbon atoms, R” is independently at each
occurrence a hydrogen, halogen, alkoxy haviog 1 to & carbon atoms, alkyl having 1 to 8 carbon
atoms, or aryl having 6 to 13 carbon atoms; and wherein n is an integer that is less than or equal
to 1,000:
wherein the polycarbonate polymer is different than the block copolymer and comprises
repeating structural units of formula (XVI)
{XVID
o

R e G O

. - a . . .
wherein at least 60 percent of the total number of R7 groups are aromatic organic radicals and the

balance thereot are aliphatic, alicyclic, ot aromatic radicals.

20. An article comprising the thermoplastic composition of any one of the preceding claims.
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