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t r anspar eC 9300881 1 osi st ant pol ycar bonat e conpositions. BASERRR O THE
| NVENTI ON Pol ycarbonate is wdely used in the manufacture of nolded parts
because of its excellent inpact resistance, high heat distortion
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have been devel oped for applications such as housings for electronic
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testing, HAGKERQUAD &4t Thilt INVENTdODhderwriter's Laboratory 5VA test

protocol. Siloxane additives have-been used to inprove the flanme retardancy
of pol ycarbon as, taught hy U S. Patent Nos. 5,449,710 and 6, 184, 312,
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U S. Patent Nos. 3, 189,662; 3,419, 635; 4,732,949 and 5, 068, 302 di scl ose a
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retardant polycarbonates are typically prepared using bromine- or chlorine-

containing flame-retardants. Recently, concerns about environmental

contamination from the bromine- or chlorine-containing flame-retardants has

created a need for transparent polycarbonates that contain little or no bromine

or chlorine. Moreover, as molded parts become larger and contain more

plastic, there is a need for flame-retardant grades that can pass more stringent

flame-retardant testing, such as that set out in the Underwriter’s Laboratory

5VA test protocol.

Siloxane additives have been used to improve the flame retardancy of
polycarbonate as taught by U.S. Patent Nos. 5,449,710 and 6,184,312, but may
create certain performance issues in certain applications. Siloxane additives
may migrate to the surface of molded parts and affect their performance.
They may volatize from the parts and affect the performance of nearby
electrical components. In a different embodiment, U.S. Patent Nos. 3,189,662;
3,419,635; 4,732,949 and 5,068,302 disclose a variety of polycarbonate /
siloxane copolymer structures that overcome the problems associated with

siloxane additives. In yet another teaching, U.S. Patent No. 6,072,011

1



18 JAN 2006 WD 03/008501 PCTI US02/ 20446 di scl oses a pol ycarbonat e/ si | oxane
copol yner based on 4-8 w. % of a eugenol-capped |inear siloxane with

bl ock—lengt hs of 45-55 di nethyl sil oxane wunits. This nmaterial prowides - -
excel l ent hydrolytic stability, low tenperature ductilit ? 9 gv
fl ame-retardant performance at 3mmthi ckness, but the mathrJ EI 00 S not

t ranspar ent icants have surprisingly found that by dramatically

| oweri ng thgﬁgﬁkﬁﬁt of short-chai ned eugenol - capped si PEEENEE ¥ ne” obt ai ns
a transparent branched pol ysil oxane-pol ycarbonate bl ock copol yner t hat

meets the nore, stringent UL ratin an ichds, essentially free of
vol atile si I‘%?fé?fgia B&gcar ?W%ﬁoﬁﬁnefﬂg@?még??\é\ﬁtoagfﬁvﬁb /T?Sféme retardants.
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UL94 5V rating at thickness greater than or equal to about 4 millineters.
The i nvent i onatgtiglds netitearsparent. a process for preparing a branched
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than 1 wt. % of an GUIRNRv: otV FRE Vi W ths of 5 -15
di met hyl sil oxanee’gnl&?g. [‘ﬁ%%ﬁ%%D %SO%I B%t%d@%ﬁ?ﬁ/ﬁ%ﬁ%m Tr anspar ent
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and a haze val u f abput 5 or |ess n, neasured, according to ASTM D1003,
o en Moz MR el paf o onr ol taRat Bl Coay RS e St e e S 55T 0103

18 JAN 2006 stringent UL 5V ratings, and which is essentially free of volatile siloxanes and

bromine or chlorine-containing flame retardants.
BRIEF SUMMARY OF THE INVENTION

The invention relates to a transparent branched polysiloxane-
polycarbonate block copolymer composition comprising less than 1 wt. % of
an eugenol-ca?ped siloxane having block lengths of 5 - 15 dimethyl siloxane
units, wherein the polycarbonate composition has a UL94 5V rating at

thickness greater than or equal to about 4 millimeters.

The invention also relates to a process for preparing a branched
polysiloxane-polycarbonate block copolymer composition comprising less
than 1 wt. % of an eugenol-capped siloxane having block lengths of 5 - 15

dimethyl siloxane units.
DETAILED DESCRIPTION OF THE INVENTION

Transparent is herein defined as having a percent transmission of
about 85 or greater and a haze value of about 5 or less when measured
according to ASTM D1003, which is incorporated herein by reference, at a

thickness of 3.2 mm.




WO 03/ 008501 PCT/ US02/ 20446 Pol ydi or ganosi | oxane / pol ycarbonat e bl ock
~copolyners are well- known in the art, see for exanple U. S 1Fgaym\ng[]ﬂg\los

3, 189, 662y,3)4 3}3‘8%0 34; 4,732,949; and 5, 068, 302 which ar eé’lﬁg gqte her e
by reference di'sclosing resins conprising polycarbonate pol'ysi1 oxane
bl ocks and processes for preparing polycarbonate-polysil oxane bl ock

copol yners. Polycarbonate Bl ock. The pol ycar bonate bl ocks in the

conposi tion of O@WOfﬁ%HPX@WémXﬁ@TEM?l LackiOPOh AL aiawedl-of fornul a

oy e § nEnBh R R RN I S bo B IRAR U B A OB 0 TP e
0 L0 4 2UoaneRice50ns3090myef ahd B Rty Rt dend dfosing or Al

wherein Rc and Rd each i ndependently r esent a hydrogen atomor a
nmonoval entredinfieanpoisingypoliycatiychacatdpolysiloxanebidcReand peowdisealfent

hydr ocar bon group. The pol ycarbonate bl ocks may be prepared by reacting a
di hydr oxy prepirgipelysagrpnade-podysienane Wock capelimessat e precur sor such as
phosgene, a halofornate, a carbonate or a carbonate ester, general I y in

the presence o n Ci C radarmle | at or. IS
al so possibl e M@mﬂ 33\8&%%? E’X %ﬁdﬁ%%‘f‘%ggﬂ& ods knovvn
in the arfyd Bfes@ﬁkirﬂz%nn%'c)bﬁ?ﬁm%@lsn ﬁﬁxt@éf fhAfagsgLerification as

di sclosed 1 n" U'S. Patent No. 154, 00 3 18 JAN 2006 WO 03/008501
PCTI US02/ 20446 Useful pol yneri zatl on rret hods i ncl ude int erfaC| al

pol ymeri zation, nelt ol yrrer(lR%)aU on, an(R edistri b;:l on.

wherein R2 and R® each represent a monovalent hydrocarbon group
and may be the same or different; p and q are each independently integers

from 0 to 4; and X2 represents one of the groups of formula:

R¢ R

l Il
——C— or —C—

¥

wherein R¢ and R9 each independently represent a hydrogen atom or a
monovalent linear or cyclic hydrocarbon group and Re is a divalent

hydrocarbon group.

The polycarbonate blocks may be prepared by reacting a dihydroxy
compound such as bisphenol with a carbonate precursor such as phosgene, a
haloformate, a carbonate or a carbonate ester, generally in the presence of an
acid acceptor and a molecular weight regulator. It is also possible that the
block copolymer may be made by other methods known in the art for making

polycarbonates such as transesterification as disclosed in U.S. Patent No.
3,154,008.



As used herein, the term "di hydroxy conmpound” includes, for exanple,

bi sphenol conpounds of forrmula 11: -HO X, OH wherein Ra and Rb each
represent a nonoval ent hydrocarbon group and nay be the sane or different;
p and g are each independently integers fromO to 4; and ﬁﬁ re resents one
of the groups of formula: Re 1) -C or -C Rd wherein Rc dARflkach

i ndependently represent a hydrogen atom or a nonovalent |inear or cyclic
hydr ocar bon WYP8M##88hd Re is a dival ent hydrocarbon groRST/USIH446
illustrative, non-limting exanples of suitable di hydroxy conpounds

i nclude the di hydroxy-substituted aromatic hydrocarbons disclosed by nane
or formul a (generqséf"gpob’m?éizﬂl@)mﬁhodﬁ mcludgiintprfacial polymeggatiomhi ch i s

i ncor porat ed| exclusive list of specific exanples
of the types g§$§5§§%%aﬁ§{§é§%§ﬁﬂr€”p at may be represented by fornula
(1) includes: 1,1- blsg4 hydr oxyphenyl ) net hane; 1, 1-bis(4- hydroxyphenyl)
et hane; 2, 2- bis(4‘\sh-yf'>(§l¢1 thﬁwpr)mﬁdr@yémysh@peumﬁfméndes irsphenol A" or
"BPA"); 2, 2- bIS byt ane , 2-bi s(4- hydroxyphenyl) octane;
1, 1-bis(4- hy%f‘r oflie ?}gﬁh%&}f@ Xm)dsol:fh?l_mbd]a 4 hydr oxyphenyl ) n-but ane; v
bIS(4 hydroxyphenyl) phenylnethane 2, 2- bi s(4- hydroxy-1-net hyl phenyl)
propane; 1, 1-bis(4- hydrqu t- buh@nphenyl) R 4 18 JAN 2006 WO 03/008501
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wherein R? and RP each represent a monovalent hydrocarbon group

(11

and may be the same or different; p and q are each independently integers

from 0 to 4; and X® represents one of the groups of formula:

R¢ R*

| i
—C— or —C—

1

wherein R¢ and R4 each independently represent a hydrogen atom or a
monovalent linear or cyclic hydrocarbon group and Re is a divalent

hydrocarbon group.

Some illustrative, non-limiting examples of suitable dihydroxy

compounds include the dihydroxy-substituted aromatic hydrocarbons

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

which is incorporated herein by reference. A nonexclusive list of specific

examples of the types of bisphenol compounds that may be represented by

formula (II) includes: 1,1-bis(4-hydroxyphenyl) methane; 1,1-bis(4-

hydroxyphenyl) ethane; 2,2-bis(4-hydroxyphenyl) propane (hereinafter

“bisphenol A” or “BPA"); 2,2-bis(4-hydroxyphenyl) butane; 2,2-bis(4- .

hydroxyphenyl) octane; 1,1-bis(4-hydroxyphenyl) propane; 1,1-bis(4-

hydroxyphenyl) n-butane; bis(4-hydroxyphenyl) phenylmethane; 2,2-bis(4-
. hydroxy-1-methylphenyl) propane; 1,1-bis(4-hydroxy-t-butylpheny]l)
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propane; bis(hydroxyaryl) al kanes such as 2,2-bis(4-hydroxy gen g@ pr opane;
1, 1- bi s(4- hydroxyphenyl) cycl opentane; and bi s(hydroxyaryl) kanes
such as 1, 1- b|s§4 hydr oxyphenyl ) cycl ohexane. It is also p055|ble to enpl oy
two or moM® G088t ent di hydroxy conpounds or copol ymers JACTAI9RRAYAS oxy
conmpound with a glycol or with a hydroxy- or acid-term nated pol yester or
with a dibasic acid or hydroxy acid in the event a carbonate copol yner

rat her thadoparebiyihydretyarsl)disineeduélons 2&8@5(4H@jfmybhéﬁﬁl? pfbane;
pol yester-car bonate resins or their blends can also be enployed. Siloxane

Bl ock. Thd, lsbIS&hﬁérq;qymmyi)cqychmntanepaaééms(hgdrmabylanydedkaneqoo| ymer of
the inventi har acteri ze henol si | oxanes. The preparation
of these BPglbﬁgﬁérlé‘?@ YR YP eHXSG%%PB? ‘by the addition of a

pol ydi or ganosi | oxane to a phenol containing an al kenyl substituent,

accor ding o ¢l SReTRtinegLiiiBy QMR Palfercht hPardof2 R R 11 . N

Hsi--0--Si--H
compounds or copolymers of a dihydroxy compound with a glycol or with a

hydroxy- or acid-terminated polyester or with a dibasic acid or hydroxy acid
in the event a carbonate copolymer rather than a homopolymer is desired for
use. Polyarylates and polyester-carbonate resins or their blends can also be

employed.

Siloxane Block. The siloxane blocks for use in preparing the branched

copolymer of the invention may be characterized as bisphenolsiloxanes. The
preparation of these bisphenolsiloxanes is accomplished by the addition of a
polydiorganosiloxane to a phenol containing an alkenyl substituent,

according to the schematic formula:

o
o oo+ oty
Ry 1‘{2 D+1

Ry T1 Ry
HO— / CH3CH;CHo~Si04-Si0 --Si———CH,CH,CH, \ )——OH
vy I Y
Rz | R2 | Rz
- p= D

wherein R1 and R2 are each independently hydrocarbyl and where D is an
integer of from about 5 to about 20. In one embodiment, R1 is methyl and R2

is methyl or phenyl, and D is about 5-15.



-Si--CH2CH2CH2 | R2 D OH wherein RL and R2 are each independently

hydr ocar byl and where Dis an integer of fromabout 5 to about 20. In one
enbodi ment, Rl is methyl and R2.. is nethyl or phenyl, and D is about--5-15..
CH2CH=CH2 R, | /- - CH2CH2CH2-SiO ( cat. 30 5 18 JAN 20068 W ¢85 008501
PCTI USO02/ 20446 The essential features of the process to prepare the

bi sphenol sil oxanes are described by Vaughn, U S. Pat. No. 3,419 635 ‘
(Decenber 198B39%%8t i nstance, the process is exenplif PSR i e 8 of
t hi s Vaughn patent which describes the addition of a hydrogen-term nated

pol ydi net hyl si |l oxane to.. allyl phenol in the presence of.a catalytic
amount of chl oroéﬁéteﬁ?ﬂ’egl;ﬁ?tafeéloé d?mcec?%mrg&argfh §F§f§8‘8’é‘6ﬁag‘é§ C. . In
one enbodi Meft dedcRBedBy YabAIX YIS PAE ORK S 489, 635TDE@n{UeP1968). For

bi sphenol pol ysi | oxanes where R1 and R2 are nethyl, and where Y is nethoxy

| ocat ed ort Hostaxret the pppresrois exersplifindiin gaarnple Bioé tis Yrughreprdentyvhithepar ed by
cugenol (4. AfTToD alA T Ao A A IO i IR 3 ol yooct by
pl ati num or dllyfpleasipotindsresence of a catalytic amount of chloroplatinic acid-alcohol

complex at 90-115.degree. C.

In one embodiment, the polysiloxane blocks are made from

bisphenolpolysiloxanes where R1 and R2 are methyl, and where Y is methoxy

located ortho to the phenolic substituent. These are readily prepared by

addition of a hydrogen-terminated polysiloxane to two molar equivalents of

eugenol (4-allyl-2-methoxyphenol) in a reaction advantageously catalyzed by

platinum or its compounds.

The allylphenols in the schematic formula above are also well known
tompounds, described along with methods for their preparation, by Tarbell,
Chemical Reviews 27, 495ff (1940). In one embodiment, the allylphenol is
eugenol, 4-allyl-2-methoxyphenol, since it is readily available as a synthetic or
as a natural product and affords a bisphenolpolysiloxane of favorable

reactivity.

The polysiloxane blocks and optional salt based flame retardant(s) are
present in quantities effective to achieve a UL9%4 5V rating at 4mm. Inone
embodiment, the polysiloxane blocks are present in an amount of less than 1
wt. %. In asecond embodiment, the amount is about 0.25 to 0.75 wt. %,
based on the total resin weight. In yet a third embodiment, the amount is

about 0.5 wt. %.

Branching Agents. The branched copolymers of the present invention .

are prepared by adding a branching agent during polymerization. Branching
agents are well-known in the art and may corﬁprise polyfunctional organic

compounds containing at least three functional groups which may be
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The al Iyl phenols in the schematic fornul a above are al so wel |l known
conpounds, described along with nethods for their preparation, by Tarbell,
Chem cal -Revi ews 27, 495ff (1940). In one enbodi nent, the allylphenol is
eugenol , 4-allyl-2-nmethoxyphenol, since it is readily avqi'PIJﬂ hgsas a
synthetic or as a natural product and affords a bi sphenol polysi| oxane of
favorabl e re(ﬁctoi vioty. The pol ysil oxane bl ocks and optional salt based
flame retar XY e present in quantities effective PCHUSRAMGe a ULO4
5V rating at 4nm 1In one enbodinent, the polysiloxane bl ocks are present
in an anount, of less thap 1, W, % |n, a second enbodi nent, the anount is
about 0. 25 tydEo% REboxyf carhgedis a9 Y‘%’I‘l‘?—)e'f"i‘f grylicaeifshigeidsiapd 1 n yet a third
enbodi ment, hheuRIBeRlofi S about 0.5 w. % Branching Agents. The branched
copolynmers of the present invention are prepared by adding a branching
agent during polynerj zation. Branchjng, K agents are well-known in the art
and may conpri segBBq’{}??jﬁE}Hlﬁﬁ‘é‘T]“%‘?'"g’%irr‘ﬁ%ét’c ?Féﬂrﬁb‘ﬂﬁlbgc é’&}?ﬁd_éldﬁi ng at | east
three functi@Rail @ERSrBRIHAE pIRYreE phefylldnat@NAIPE")dsdtinbi¥¥0 03/ 008501

PCT/ US02/ 20416 hydroxyl, carboxyl, carboxylic anhydri'de, carboxylic acid
chl ori de andPhenpl trif-plenohEe €b3,5-tidirehdrexphenyl)isspropyd)hedeene). tiel | i ti ¢ aci d,
trimellitic A tel el Litic Lric id i S p- hydroxy phenyl

et hane. (* TrPERe A SRa0 B PrbEah B alphe SiReYE

(1, 3, 5-tri s(Hepzylyshenn plrasyid Jdid apd bpbpheaione tejacarbbkydic apidenol  PA

(4(4(1, 1-bi s(p- hydroxyphenyl)-ethyl) al pha, al pha-di nethyl benzyl) phenol,
trimesic acid andyRenzophenong. (el hasaaaei ks 8Fhibut 0.05.20 weight

percent.

Optional flame retardants. The composition of the present invention

may further comprise non-volatile siloxane flame retardants salt based flame
retardants including alkali metal or alkaline earth metal salts of inorganic
protonic acids as well as organic Bronsted acids comprising at least one
carbon atom. In one embodiment, the salt based flame retardants are
sulphonates selected from the group consisting of potassium diphenylsulfon-
3-sulphonate (KSS), potassium-perfluorobutane-sulphonate (KPFBS) and

combinations comprising at least one of the foregoing.

Salt based flame retardants may be used in amounts of about 0.01 wt%
to about 1.0 wt% based on the total resin weight. In one embodiment, the
salt based flame retardant is KPFBS with the amount of KPFBS being about
0.05 wt% to about 0.12 wt% based on the total resin weight. In a second
embodiment wherein the salt based flame retardant is KSS, the amounts are

about 0.35 wt% or less based on the total resin weight.

o Optional Additives The composition of the present invention may

include various additives ordinarily incorporated in resin compositions of this

type. Such additives are, for example, heat stabilizers; antioxidants; light




The branching agents may be added at a | evel of about 0.05-2.0 weight
percent. Optional flame retardants. The conposition of the present
invention. may further conprise non-volatile siloxane . flanme retardants salt
based flane retardants including alkali nmetal or alkali ?ﬁ egﬁt ﬁnuﬁrret al
salts of inorganic protonic acids as well as organic Br gt aci ds
conprising at |east one carbon atom In one enbodi nent, the salt based
flame retar dEAP%Pe  sul phonates sel ected fromthe groliSTEGREOEE | ng of

pot assi um di phenyl sul f on- 3-sul phonate (KSS),

pot assi um per f | uor obut ane- sul phonat e (KPFBS) and comnbi nati ons conprising
at | east onestebilizgig Mastigigensmptisgic pgeds appld rdepsingaganigadditional be used in

amount s of agg%r%odl ﬁ\ghgﬂts dqhggf(?l 0 wt % based on the total resin

weight. In one e based flane retardant is KPFBS with
t he amount of KPEBS being about 0.05 wt%to about 0.12 wt % based on the*
total resin weigffuch P‘?\dlavgseﬁférlfaowérfbéhﬁ arbat plofiiss eompeundingland paayed f | ane

retardant 1 syage. H}ee)él 01 bt C0.02 R0 Yol 65%47/% wefst diasgda.on the

total resin vvel it ves Re co [ on t he present
i nvention na;tabnhmri zddmt V4l ito abowtdi2 pamby mghtnmanlayttmxxdamqoabcmt@d inresin
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stabi lizers; wplgh6bf & ipIRliGizerBbow B tCaRAR B SurtsMBY Weighl BARH BHHAYRNT S;
addi ti onal re5| ns; blow ng agents; and the |liké. Such additives are known

to the art ofgept agfhab@utc!bhmmatﬁ@art&mmmﬂvqfﬁémlééeleqmg@s@ahpw about
0.01 to aboustQ %n‘B%Hs A?Xh H&ersogre%a%antn iOb@ggt%%g \l‘[élé of tﬁp% 0.01 to

about 0.2 part wel ght an ant |1 oxl about 0.7 part by
wei ght of a tanghdsiteinabi | i zer about 0.5 to about 3 parts by wei ght of a
pl asticizer; about 0.1 to about 3 parts by weight of an antistatic agent;

and about 0.1 to E@Qﬂmes L H@Jttstalg}fiz@ﬁiiwﬂdé)tfripﬂem lpﬂog}ﬁlit%?éjsrtg,é-agent . The

dimethylphenyl)phosphite, tris-(2,4-di-t-butyl-phenyl) phosphite, tris-(mixed
mono-and di-nonylphenyl)phosphite, dimethylbenzene phosphonate and
trimethyl phosphate. Examples of antioxidants include octadecyl-3-(3,5-di-
tert-butyl-4-hydroxyphenyl)propionate, and pentaerythrityl-tetrakis[3-(3,5-di-
tert-butyl-4-hydroxyphenyl)propionate]. Examples of light stabilizers include
2-(2-hydroxy-5-methylphenyl)benzotriazole, 2-(2-hydroxy-5-tert-
octylphenyl)-benzotriazole and 2-hydroxy-4-n-octoxy benzophenone.
Examples of plasticizers include dioctyl-4,5-epoxy-hexahydrophthalate, tris-
(octoxycarbonylethyl) isocyanurate, tristearin and epoxidized soybean oil.
Examples of the antistatic agent include glycerol monostearate, sodium
stearyl sulfonate, and sodium dodecylbenzenesulfonate. Examples of mold
releasing agents include pentaerythritoltetrastearate, stearyl stearate,

- beeswax, montan wax and paraffin wax. Combinations of any of the
foregoing additives may be used. Such additives may be mixed at a suitable

time during the mixing of the components for forming the composition.

Preparation. The conversion of the bisphenolpolysiloxane, the

dihydroxy compound such as bisphenol, and branching agents into the
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above amounts of the additives are based on 100 parts by weight of the
resin conposition. Exanples of heat stabilizers include trﬂghﬂNQMB
phosphite, tris-(2,6- dinmethyl phenyl)phosphite,

tris- (2, AV003P9850% yI - phenyl ) phosphite, tris-(nixed monoPGH§S02/20446

di - nonyl phenyl ) phosphi te, dinethyl benzene phosphonate and tri nethyl

phosphate. Exanpl es of antioxidants include_ oct adeci/ll -3-(3, 5-di -
t ert - but ybranched pokyganeendty g dloxenabtockaegpolymers of the invention may be

D ey inddased B I prscessasdbr mieting Brinthed pllycafboibies s ) Pr op! onatel
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2- (2- hydr o i : 5 8- -
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stearyl sulfonate, and sodi um dodecyl benzenesul f onate. Exanpl es of nold

rel easi ng ageni{;s i ncl d%, ent eryt hritoltetrastearat e1 S ear}/I stearate,
beeswax, nonta %?(e‘é\lf?&’ b‘gﬁﬁw S URESPATERHBITR S8 IARE BP y&?ﬁj’%‘f’ % he foregoing
addi tives .t 1 - Ak L i me

duri ng. £ RO APeR g3y B4R RURS el B o SRR oI the

Prepar at i pBlysilbRart a¥ernatio br afiphhiec itshexp teapyehlosaagic dieentdi hydr oxy

conpound such as bi sphenol, and branching agents into the n 8 18 JAN 2006
WO 03/ 008%GterPendwigqing agent, bnd mciatirrycingiser Do sgaetion snixbwzerie stitred k

br anched. BiEoyRRs Bor BB0SERNC o PuBElegapHEILATS SR GRIWRIRIZE PY 635, 805 and
4,001, 184, whi G & G MG RALEE AN Ay SAGHRRGE aqiebul 'c%hhﬁﬂirycar bonat e
end groups are con etkr?gﬁ at e(c?f as ge| n(j’w@m nth scopeaqgs?'t e preésent

invention. In one enbodinent, the transparent, fire resistant pol ycarbonate
When the reaction is complete, the organic layer is separated from the

aqueous layer, washed with dilute hydrochloric acid and then washed with
deionized water. The solvent is removed, for example by steam precipitation

or anti-solvent precipitation, and the polymer is dried.

The composition of the present invention and optional additives may
be compounded using any known mixing method. In one embodiment, the
raw materials are added directly into the feed section of a melt mixing device
(such as an extruder) via separate feed systems. In the melt mixing step, the
ingredients are typically melt kneaded in a single screw or twin screw

extruder, and extruded as pellets.

The compositions of the present invention may be used for any
applications wherein their key properties of transparency, heat resistance,
toughness, UV stability, and flame retardancy are required. The moldings

may be produced by extrusion or injection molding.




conposition may be synthesized by charging a polynerization vessel with the
pol ysi |l oxane, aromatic or aliphatic di hydroxy conpound, organic solvent,
wat er, endcapping_agent, and a tertiary amne. The reaction mxture is
stirred vigorously, and phosgene is bubbled through the solution while the
pHis maintained between about 8 and 11 by addition of agygpumgcaustic
solution. Wien the reaction is conplete, the organic |ayer is separated
fromthe adVRe¥P885Player, washed with dilute hydrochl ori ECHESW@2%#Hd t hen
washed with deionized water. The solvent is renoved, for exanple by steam

precipitation or_anti-solvent pregﬁpltatlon and the Folyner is dried. The
conposi tion of tEESANIAEShejinxeawon dsfusther ifpstraserhby tgde! qvvegnmry be

conpounded Ughifigg BR¥mBROMY A i 1@51*1 & aRNG gmgﬁ raw
materials are %d ed dFrectIy in éﬁ? eed section of t ﬁlXIng devi ce
(such as an fb&tqt%ld@rﬂ)Wﬂgétsb‘pw@@“ﬁ@eddsgks@ems In the rrelt m xi ng step,
the ingredients are typically nelt kneaded in a single screw or twin screw

extruder. and exbigdeons: B hEld 1n HEeAAMMO,LLANS fal he, present
|nvent|on may be™u any |cat|o rein‘their key propertles of
t r anspar encypolyreethylsidmiase Hniclewith B dag;:ha eépquwlaatmb iof atbaut 1 NVEE26ICA e

retardancy are rec ui The di e produced by extrusion or
i nj ecti on mof¥PRY {ei‘g Bg%% J\‘/%gg‘?}%gé%ip%/ US02/ 20446 EXAMPLES The

i nvention |soétméthyalr:yalbtbusdﬂbaaMzsmgtreaoﬁwalekpww&eﬂ@nwsﬂdxm\é {1y Exanpl es.
re veight percent based on the total resin

\Il\gl Slh!t %?&Ei{’% )s%“di%{ﬂcﬁg? QJ2&ﬁ/@bawslshbﬁﬁmafHamfw/ titge! | n t h| S

exanpl e, eugappPraiaPREse coAbHEREAY 131 Naxanfl Heattiado Wdd ¥or2 HRIM AR
pol ymeri zation of about 10 Me2SiO units per nolecul e (herelnafter " D10

fluid') is peapeiesde is tien wined iy 10476 adehe mbithpiarapidlg agitited fo28. 0 nol es),
tetramet hyl q’kgris"lﬁggvﬂfu é]s'a?lo%g to %&I%n%e%%hte%h@dgh %u@@f &hite9. 1 % by

wei ght fro

filtering aid. To the crude product, a mixture of eugenol (3.9 kg, 23.6 moles)
and Karstedt’s platinum catalyst (3.0 g, 100 ppm Pt) is added at a rate of about
40g / min. Reaction completion is monitored by the disappearance of the
siloxane hydrogen in the infrared spectrum. The reaction product is stripped
of volatiles by a falling thin film evaporator operating at 200 °C and 1.5 torr.
The isolated polysiloxane material is a light brown oil with a degree of
polymerization of about 10 siloxane units, to be used without further

purification.

Resin A (No polysiloxane present).

Bisphenol A (8969g, 39.3mol) and 1,1,1-tris(4-hydroxyphenyl)ethane
(30g, 0.10mol, hereafter THPE) are charged to a 100L agitated reactor, along
with methylene chloride (40L), water (23L), triethylamine (70ml), sodium
gluconate (17g), and p-cumylphenol (376g, 4.5mole%). In the next step,
phosgene (4582g, 46.3mol) is added at 150g/ min rate while the pH is held at .

10.0-10.5 via controlled addition of a 50% caustic solution.
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Clay Products) are conbined in a 12 L flask and heated to 45C for 2 hrs.
The tenperature is then raised to 100 C and the mxture is rapidly
agi-tat-ed—for.5 hrs. The mxture is allowed to.cool and_then filtered
through a plug of Celite filtering aid. To the crude proguety oof5 M xture of
eugenol (3.9 kg, 23.6 noles) and Karstedt's platinum catal yst ?63 0 g, 100
ppmPt) is added at a rate of about 40g / mn. Reaction conpletion is

noni tor ed byVYPAEYE % appear ance of the siloxane hydr ogefGHSYHR“Snf r ar ed
spectrum The reaction product is stripped of volatiles by a falling thin

fil mevaporat or ra i n at 200 C and 5 tor The i sol ated pol ysi |l oxane
material is a Iigﬁﬁ CHP’i"S\l&of’Wleée'cﬁlé‘gFeé'é]“f}gpdéf AUPRYYSi on of about 10

si | oxane uni deparatéd ﬂ@@nuﬁeenm ltah&uaﬂdtaa Wil an dausttd‘nbpmlrﬁahylé’ﬁél n A (No

pol ysi | oxane pr esent) Bi sphenol. A (8969g, 39.3nvl) and

1,2, 1-tri s( 4chhgrig %Wﬁ?ﬁé‘n‘ylt 8iluteddCl soBtign, enditheamwastiedrveitli water YAHIE) ar e
charged to f h meth len ride (40L),
water (23L) ath%?élvee %agl;lﬁgd?g ﬁ%ﬁgle c??‘rtﬁ%p gl ucBOlgfn tsfsf”}tgggg

p- 3urry| phenowlvh(tésgﬁxgpleébgmbeﬂ@recxpmtidmanﬂejﬁedstep, phosgene (4582g,
46.3nol ) is added at 150g/mn rate while the pHis held at 10.0-10.5 via
control | ed addi tigééml g[g aO/"?a’}JS l'C soI ut i gnnq 11 10 18 JAN 2606 1) /1 WO
03/ 008501 PCT/ US onplete, the resulting

pol ymer solution is separated fromthe brine layer, diluted with an

addi ti onal 23L nd#isppeneieA (;896?3 B&émOMeEmﬂuidd(asrprdpdradebd@SSgoﬂ)mi on, and

t hen washed |l ev of . ti tale chloride is | ess than
3ppm The po ymse] aWlétsﬁllfpsﬁzj) S Ahic ﬁ%rgﬁ? gﬂﬁj atg‘flé%ﬂ% Br i?:r?%)l tation and
dri ed. with methylene ch]onde (4OL), water (23L), triethylamine (70ml), sodium

gluconate (17g), and p-cumylphenol (376g, 4.5mole%). In the next step,
phosgene (4582g, 46.3mol) is added at 150g/min rate while the pH is held at
10.0-10.5 via controlled addition of a 50% caustic solution.

When the reaction is complete, the resulting polymer solution is
separated from the brine layer, diluted with an additional 23L methylene
chloride, washed with dilute HCI solution, and then washed with water until
the level of titratable chloride is less than 3ppm. The polymer is isolated as

white granules by steam precipitation and dried.

Resin C {about 3 wt. % polysiloxane present).

Bisphenol A (8969¢g, 39.3mol), D10 fluid (as prepared above, 254g,
0.63 mole) and THPE (30g, 0.10mol) are charged to a 100L agitated reactor,
along with methylene chloride (40L), water (23L), triethylamine (70ml),
sodium gluconate (17g), and p-cumylphenol (376g, 4.5mole%). In the next
step, phosgene (4582g, 46.3mol) is added at 150g/ min rate while the pH is
. held at 10.0-10.5 via controlled addition of a 50% caustic solution.

a When the reaction is complete, the resulting polymer solution is

separated from the brine layer, diluted with an additional 23L methylene

11



Resin B (about 1 wt. % pol vsil oxane present). Bisphenol A (8969g, 39.3nvol),
D10 fluid (as prepared above, 88g, 0.21 nole) and THPE (30g, 0.10npl) are
charged to a 100L agitated reactor,--along -w th nmethyl ene chloride (40L),
water (23L), triethylam ne (70m), sodium gluconate (17g), and

p- cunyl phenol (376g, 4.5mpole%. In the next step, phosggrﬂeM(NZl@@Zg,

46. 3nol ) isvgtg gss%t 1509/ mn rate while the pHis held at 10 .0-10.5 via
controlled a |on of a 50% caustic sol ution. Wen the PFEBER2BHE | s
conplete, the resulting polymer solution is separated fromthe brine

| ayer, dilut th thI’l net h hIor de, washed with
dilute HO <I9S o“ﬁ'ag‘%ddg A ARG ate PR RV FRT waster it Ware BO8F o
titratabl e ohéveldd tittitdbbschl bfidets 33 than BREmD Thy pelymesisiisoMtad @l as  white
granul es by steam preC| pitation and dried. Resin C (about 3 wt. %

pol vsi | oxanevhifegranilps bysteare presipitation@ad soigd- 39. 3mpl ), D10 fluid (as v
prepared above, 254g, 0.63 nole) and THPE (30g, 0.10nol) are charged to a

100L agitated regedtResin Y2886t vt % PBIYRYIERE @Y | de (40L), water (23L),
triethylam ne (70m), sodiumgluconate (17g), and p-cunyl phenol (376g,

4.5mole%. In the. n st p e 829, 46.3npl) is added at

150g/ min rate \/\hgfsgﬁ?WéApl—(%Bégg' Hﬁ% ﬁﬁjﬁk{?‘ﬁ %@ peerared abover408ed addition of
a 50% caust i10055Rbld} A THI @Bbg! M L0 EIRsHel @ﬂrgea tsgmﬁsgtatédm%a&&sul ting

pol ymer solution is sep arated fromthe brine layer, diluted wWith an

addi ti onal mn&fﬁﬁhmeéwée@rhichdymmm@fev@bn @mrwctﬁr@rms;oz/ 20446

chl ori de, d h water until
the | evel of t| t rg,%%fa% QZ% or dg CEmywe}{seggrt(ﬁﬁ% %Eﬁgj}),?ﬁ PME is isolated
as white grs{e&wphesgblye eﬁwanxpOINHaCMaedanlfmgﬂnﬂf ramiwhireﬂte }ﬂlém n D (about 5

Wt . % polysi gd‘atﬁﬁggfoe:s ik tcgritrol?iea%gsxr%%ln ofa%gg ca Sth%glu%ggl ), DIO fluid (as

pr epar ed ab

When the reaction is complete, the resulting polymer solution is
separated from the brine layer, diluted with an additional 23L methylene
chloride, washed with dilute HCl solution, and then washed with water until
the level of titratable chloride is less than 3ppm. The polymer is isolated as

white granules by steam precipitation and dried.

Test Resin E {about 0.5 wt. % polysiloxane present).

Bisphenol A (8969g, 39.3mol), D10 fluid (as prepared above, 44g,
0.105 mole) and THPE (30g, 0.10mol) are charged to a 100L agitated reactor,
along with methylene chloride (40L), water (23L), triethylamine (70mt),
sodium gluconate (17g), and p-cumylphenol (376g, 4.5mole%). In the next
step, phosgene (4582g, 46.3mol) is added at 150g/ min rate while the pH is
held at 10.0-10.5 via controlled addition of a 50% caustic solution.

. When the reaction is complete, the resulting polymer solution is
separated from the brine layer, diluted with an additional 23L methylene

chloride, washed with dilute HCI solution, and then washed with water 'until c
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1.05 nole) and THPE (30g, 0.10nol) are charged to a 100L agitated reactor,
along with nethyl ene chloride (40L), water (23L), triethylamne (70nl),

sodi um gl uconate- (17g).- -and p-cunyl phenol .(376g,. 4.5mle% . l.n the next
step, phosgene (45829, 46.3npl) is added at 150g/mn rate while the pHis
hel d at 10.0-10.5 via controlled addition of a 50% causti® JAbREi on. ghfn
the reactio |l ete, the resulting polyner solution is arate rom
the brine Igvéﬁy&%ﬁputed with an additional 23L nethyleﬁ@”“@ﬁ%%ﬂfde, washed
with dilute HC1 solution, and then washed with water until the |evel of

titratable chlori s | n The ymer is isolated as white
granul es by @F I‘FF t&ﬁqtﬁlﬁﬁsﬂl &e’éi‘%gg]ﬁ ﬂgg'é?Ppéé(g]eﬁlSES goat 0.5 wt. %
pol ysi | Oxanewﬁftéfgﬂuﬂmesb LRBAipi A% 9Giriedd. 3101 ), DIO fluid (as prepared
above, 44q, 5 nole) and THP% (30g, 0.10nol) are charged to a 100L
agrtated reactor, W|th met hyl ene_chl ori de (40L), water (23L),
triethyl an ne (7GH eineAncgPR¥BEr Nq brapghingdng p- cunyl phenol (3769,
4.5mole% . In the next step, phosgene (45829, 46.3nol ) is added at

150g/ min rate V\hlBhs@htexlikﬁ ApH(8959 be:Bsohland D101k fs f aFedbbed, lugg addi tion of
a 50% causti ¢ tion. When the reaction is conplete, the resulting

pol ymer sol t} H"? g argélbalfgétiéﬂaﬁﬁ)(ﬂmalﬁge%qeﬁqﬁ@r, Plapér”“hdmthl’léﬁe with an |
addi ti onal e ion, an
Then washed aro ar Mter EOL e R p ‘g\/\}bk%%%;%@%‘@n US02/ 20446
the | evel ofp-tamylphanreld3708) Hrmele%).s In ﬁwsnektmfp,@ppsgené' 2_4582394@&1!501) IF s(: sol at ed
as white gr, C est n i near
copol yner ] Elogﬁgdsat éogf rﬁ‘?ﬂél sethieeﬁdd glf g@é@gléj@g&gﬁﬁlcf“gﬂlﬁ%lo fluid (as
pr epar ed abmtki,mcémgaSO&cbﬂEncrmhﬂ)onare charged to a 100L agitated reactor,

al ong wi th net hyl ene

When the reaction is complete, the resulting polymer solution is
separated from the brine layer, diluted with an additional 23L methylene
chloride, washed with dilute HC] solution, and then washed with water until
the level of titratable chloride is less than 3ppm. The polymer is isolated as

white granules by steam precipitation and dried.

In the examples, the resins are compounded into formulations of: 100
parts resin, 0.08 part potassium perfluorobutanesulfonate (KPFBS), 0.05 part
cyclic octaphenyltetrasiloxane, and 0.35 part pentaerythritol tetrastearate.
Compounding and pelletization are done using twin-screw extruders.
Pelletized resin is dried at 235 °C for four hours, then injection molded into

12.7 mm x 1.27 mm x 4 mm bars for flame testing.

UL Tests. In the UL 94 VO flame application, a flame 20mm high is
applied for 10 seconds two times to each sample. A flameproofed
thermoplastic is classified in fire class UL 94 VO if the following criteria are

° met: for a set of 5 samples, all samples can continue burning after application
of a flame. The sum of the combustion times after 10 flame applications to 5
samples must not be longer than 50 seconds, and no individual combustion

time can exceed 10 seconds. None of the samples must drip flaming particles,
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chloride (40L), water (23L), triethylamne (70nl), sodium gluconate (17g),
and p-cunyl phenol (376g, 4.5nole%. In the next step, phosgqge%\(\lélz 29,
46.3mol) is added at 150g/min rate while the pHis held at 10.0-10.5 via
control | edVO &M lon of a 50% caustic sol ution. Wien the rBEEUSKHROS
conplete, the resulting polynmer solution is separated fromthe brine

| ayer, diluted with an additional 23L nethylene chloride, washed with

di | ute HObwel ddimsletelpivdl bura Wit gheding ddmbadtRin forlonhgertthan 36¢etorwds.
titratable chloride is | ess than 3ppm The polynmer is isolated as white
gr anul es Uyorgdassifiqatieniipifiratclasa Ln84 31 ik cdmbusimretianep nmsst riotiber esi ns ar e

B e T
oct aphenyl | R | ol r arat e.
Compoundi nEI Afﬁgﬁgéfftgﬁ?g@ﬁl%nrgg?fgngg#elo&gﬂﬁg?%rﬁgﬂs&?%c\}é.g(lp ?V:}é rs.

Pel | et i Zedtonftistionsmiist A& é@tlagtdBnfefGtHaar60f bndi Uthe othBedriteRiaggb i on nol ded
into 12.7 nmmx 1.27 mm x 4 mm bars.for flame testing. UL Tests. In the UL

94 VO f | aridenii¢slite dhoserinentibhedrabovemd lsitstanee isafgskified ihdirettasséHonds t wo

times to sgnple. A flaneproofe thernoplastic is classified in fire
class UL @%quenttﬁ'@ abgVe Shit &qtﬁ@spﬁ?@a&npg asr@% 94 {Vdrarg fgif{lieéifargi sanpl es,
|1 I . ' ni f licati f fl . Th f
a sanpl e féﬁggicoqﬁéw&%gieg%c&}fr application of a ane € sum o

t he conbus mes a I"ane "applications to 5 sanples must not be

I onger than 50 Iaetﬁers%ﬂaﬁetigwcw@ﬁva fude 129 HMHibARvith afBnAéblesceed 10
seconds. None of the sanpl eS nust dri p flam ng particles, 13 18 JAN 2006

WO 03/ 008 xhe ROThivEhiZh?6 4ppliedita the saheled tinms forb sesurids. Tivawi ng conbust i on
for longer than 30 seconds. _For classification in fire class UL 94 V1, the
combust i orfucsessveflarpe appligationsargseparaderd Beashase bydntervals ofém of t he

conbustio L es Af or fl.a l.i cati ons ;1.0 appl es st.. not. be | onger
han 250 Sscalie A Sitsirs S LB ksl thoar sl Grghieuditmes
seconds. Big16Wies cEmbuSHibA tRh€of the samples does not exceed 60 seconds after

the final flame application. Neither dripping of flaming or nonflaming

particles nor complete combustion must occur.

The results of the UL-94 tests on 4mm thick flame bars and the

formulations in the Examples are as follows:

mol% wit%
Test Resin A B C D E F  Dbranching siloxane V-0 5V
Example 1 50 50 O 0 0 0 0.25 0.5 Pass Pass
Example 2 0 © 0O 0 100 0 0.25 0.5 Pass Pass
Comparative Example1 100 0 0 0 o0 0 0.25 0 Pass Fail
Comparative Example2 0 100 0O 0 0 0 0.25 1 Fail Pass
Comparative Example 3 0 0 100 O 0 0 0.25 3 Fail Fail
Comparative Example 4 0 0 0 1100 O 0 0.25 5 Fail Fail
Comparative Example5 0 0 0 0 0 100 0 0.5 Fail  Fail

As can be seen in Examples 1 and 2, branched polycarbonate-
polysiloxane copolymers with a relatively low level of polysiloxanes of about
0.5 wt. %, provide excellent fire retardance while maintaining transparency,
even in the absence of halogenated polycarbonates and bromine and/ or

chlorine containing fire retardants. Comparative examples with no siloxane or
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identical to those nmentioned above. A substance is classified in fire class
UL 94 V2 when the above criteria for classification as UL 94 V1 are
fulfilled and dripping of flamng particles occurs. In the 5V flane
application, a flanme 127 nmhigh with an inner blue cone 40 nmhigh is
applied to the sanple 5 tines for 5 seconds. Two successiigepllrase
applications are separated in each case by intervals of 5 seconds. A
substance i swo@asisti ed in fire class UL 94 5V if the couhusihensti me or
gl owi ng conbustion tine of the sanples does not exceed 60 seconds after
the final flame application. Neither dripping of flam ng or nonflam ng
particl es norhiglohgklebesibearifsi biclier BhesUL 5 ¢ast or thEELNERWt mdaf t he UL- 94
tests on 4nmthick flame hars.and the fornulations in the Exanples are as
fol | ows: TestREETHIXE P"%’W&GW-“%SV ‘rEHgWSHWsﬁeﬂoxane Exanpl e

| 505000000. 250. 5PassPass Exanpl e 2000010000. 250. 5PassPass Conparative
Exanpl e 1100000000. 250PassFai |l Conparati ve Exanpl e 2010000000. 251Fai | Pass
Conpar ati ve Exanpl e 3001000000. 253Fai | Fai | Conparati ve Exanpl e
4000100000. 255Fai | Fai | Conparative Exanpl e 50000010000. 5Fai | Fail As can be
seen in Exanples 1 and 2, branched pol ycarbonate- pol ysil oxane copol yners
with a relatively |ow | evel of polysiloxanes of about 0.5 w. % provide
excellent fire retardance while naintaining transparency, even in the
absence of hal ogenated pol ycarbonates and brom ne and/or chlorine
containing fire retardants. Conparative exanples with no siloxane or 14 18
JAN 2005
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WO 03/ 008501 PCT/ US02/ 20446 high levels of siloxane fail either the UL 5V
test or the UL VO test, and a conparative exanple w thout branching fails
the UL 5V test. 9 O 15 What is clainmed is: 18 JAN 2886 1. A transparent,
fire resistant, branched pol ycarbonat e- pol ysi | oxane bl ock copol yner
conposi ti on conprising: a) polycarbonate bl ocks having reguymimg units of

t he for ihaiis gainked istherein R and Rb each represent a nonoval ent

hydr ocarbon group and nay be the sanme or different; p and q are each

i ndependently integers fromO to 4; and Xa represents one of the groups of
formul ail. Re A tR;spdrkngr fice Wasikeing Beankheld RsblpeiBohdidppenderine biRr esent a
hydr ogen aton1or a nonoval ent linear or cyclic hydrocarbon group and Re is
a dlvaléﬁ@oY¥E%ﬁ%%%ﬁ56ﬁ‘@ﬁ@ﬂ@ngb) a repeating or recurring polysiloxane

unit Qer%ved Ygg%BﬂﬁePﬁﬁﬁghévkéﬁﬁﬁﬂ“ﬁkugﬁ?%ﬂﬁgﬁ5 phenol and a

pol ydi or anodrP5xane o

(R, (R%)q o
Bl

wherein R* and R® each represent a monovalent hydrocarbon group and may be
the same or different; p and q are each independently integers from 0 to 4;

and X® represents one of the groups of formula:

R® R®

l I
—C— or —C—

L,

wherein R® and R? each independently represent a hydrogen atom or a
monovalent linear or cyclic hydrocarbon group and R° is a divalent
hydrocarbon group;

b) a repeating or recurring polysiloxane unit derived from the reaction product of an

allyl phenol and a polydiorganosiloxane of the formula:

HS1 O_Sl

D+l

wherein R; and R; are each indcpendently hydrocarbyl and where D is an integer

of from about 5 to about 20;
c) a polyfunctional organic branching agent containing at least three functional
groups selected from the group consisting of hydroxyl, carboxyl, carboxylic anhydride,

carboxylic acid chloride, and mixtures thereof; and
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R2 R2 wherein RL and R2 are each i ndependently hydrocarbyl and where Dis
an integer of fromabout 5 to about 20; c¢) a polyfunctional organic
branchi ng agent containing at |east three functional groups selected from

the group consisting of hydroxyl, carboxyl, carboxylic anhgghig%@@
carboxylic acid chloride, and m xtures thereof; and 16 18 A 1886 d)

flane r@& ar dilgmezefaidaniasditivgier ei n sai d pol ysil oxane unit is present in an

anmount of ab%tere%rb %1\%9 g?{?a%{lg)éa?lﬁﬁmit 0 %gq%gntolﬁ a‘ilrll%mqtuglﬁrg]lr" alg@'t q%é% oPflsd

branched pol ycar oxane oCcK ™ "copo conposition of
claim 1 wher ei nbisee opahy sitdloxdgler dfSajdreatuded pblyaamundts-polysilebnebldk25 to
about 0.75 weight percent based on the total weight of the branched
pol ycar bonat e- p&?BPsiP¥xane bl ock copol yner. 3. The conposition of claim?2
wherein the polysiloxane is present in anounts of about 0.25 to about 0.50
wei ght percent based on the total weight of the branched
pol ycar Bonat &hpebypblitizandé cimck wheph yirepolydloxihe iscompas it iamouafs ofl ai m 1

i recurring polyéiloxane nit _ has_a val

wher ei id : D of
about 53peHI%S 3§3L§Qﬁ98-950%8 { PSR ERSCd 0L B8 190! PHRiEMOl B WAphed
resista55@p§£0&95?&§$@§m95gﬁk§50$ﬁﬁﬂﬁpr equal to about 4 mllineters. 5.

The conposition o aim1 wherein the flame retardant includes materials
selected fromthe group consisting of alkali netal salts of inorganic
protoni ¢ aci al kal.i ne .ear.t tal. salts aof inorganic protonic acids,

B ka1 fretal 1BapEPORtER §5RFN i A oS oxag i PRRCTEaR BHORBSAT sal i s
of ~or gapb&utB.EN%6 @Bo&CH 88 - wéight! ErcERTRASA lonOfhe Gbtal hitli SAtoo MR taRcHeRe 1 ame
retardant includes potassium perfluorobutane-sul phonate. 7. The

conposi pplyparbénaté-polysiloxaheblock coprdythérame retardant is present in anounts of
about 0.05 wt %to about 0.2 w % based on the total weight of the
conposition. 8. The conposition of claim1 further conprising at |east one

of i a heat sTabtbhp&¥ition of claim 1 wherein said repeating or recurring polysiloxane unit
has a value D of about 5 to 15, and said composition has a UL94 5V rating for fire

resistance at thickness greater than or equal to about 4 millimeters.

3. The composition of claim 1 wherein the flame retardant includes materials
selected from the group consisting of alkali metal salts of inorganic protonic acids,
alkaline earth metal salts of inorganic protonic acids, alkali metal salts of organic

BrOnsted acids, alkaline earth metal salts of organic BrOnsted acids.

6. The composition of claim 5 wherein the flame retardant includes potassium-

perfluorobutane-sulphonate.

7. The composition of claim 1 wherein the flame retardant is present in amounts of

about 0.05 wt % to about 0.2 wt % based on the total weight of the composition.

8. The composition of claim 1 further comprising at least one of: a heat stabilizer,
antioxidant, light stabilizer, plasticizer, antistatic agent, mold releasing agent, additional

resin, blowing agent or combinations thereof.

17




antioxidant, light stabilizer, plasticizer, antistatic agent, nold

rel easi ng agent, additional resin, blow ng agent or conbi nations thereof.
17 1" JAN MH 9. The conposition of claim1l wherein said a pol yfunctional
organi ¢ branching agent is selected fromthe group consisting of.
trinmellitic acid, trinellitic anhychide, trinellitic tricijq Qﬂﬁﬁﬁ
tris-p-hydroxy phenyl ethane, isatin bis phonol , tris-phenol

hyd h b ph
T L P R ) R U AR OBREL b ing 1

trimesi ggagiid selReRd TRHE RO grodpe&dr@gﬁhgmtrﬁxﬁelﬁﬁb GheidaREmeiliclamdgchiber eof .
10. An article prepared fromconposition of claim1. 11. A process for

pr epar i Hgmealliticetrigbloridss iris-p-hydrony thnﬂn@h@@, p‘aﬂtlydm?-bb@ml,etrlsmhey@h Texane
bl ock |
T S e T

reactor.: ne uni

t he reahydmﬂylﬁl{eﬁsﬂl)f&hﬂ)‘ alpla, ﬁbhaﬁﬂlm@ﬁbﬂflﬁhZﬁMeﬂoldﬂrmﬁ@mm lbgaidpbuesie of the
formula: R1 |i Hsi--O-Si--HD+t1 R2 R2 wherein R1L and R2 are each

|ndepenéFéWF?f?OWtfr%&bﬁndBFXtHS?Gm%%}fbyI and where Dis an integer of from
about 5 to about 20 and wherein said polysiloxane unit is present in an
anmount of about 1 w. %or |less based on the total weight of said branched

pol ycar bOnat énpotisis iptepaseddronbtaagositigodficianm; 1.iii. water, iv. a
pol yfunctional organic conpound as a branching agent containing at | east
three functional groups selected fromthe group consisting of hydroxyl,

carboxylj, canbdgxyess r@NP%Paiife o FRIAOSMLEE rifdothif Hr2idhE8 pdirbonate-
polysiloxane block copolymer composition, the process comprising:
a) charging to a reactor:
1. a dihydric phenol;
il. a polysiloxane unit diol derived from the reaction product of an allyl

phenol and a diorganopolysiloxane of the formula:

HSi—O "'_Sl

R D+l

wherein R; and R, are each independently hydrogen, or hydrocarbyl and
where D is an integer of from about 5 to about 20 and wherein said
polysiloxane unit is present in an amount of about 1 wt. % or less
based on the total weight of said branched polycarbonate-polysiloxane
block copolymer;

1ii. water,

iv. a polyfunctional organic compound as a branching agent containing at
least three functional groups selected from the group consisting of
hydroxyl, carboxyl, carboxylic anhydride, carboxylic acid chloride, and

mixtures thereof;,
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m xtures thereof; 18 18 JAN 2006 v. a catalytic proportion of a catalyst;
to forma heterogeneous reaction m xture having an organi ¢ phase and an
aqueous phase; b) agitating the reaction m xture to enhance the contact
bet ween the phases; c¢) adding to the reaction m xture a carbonate
precursor, and d) copol ynmerizing the dihydric phenol, the briatkhiléh agent,
and the pol y3i | oxamretalydicgiroportion Jfvecgialpess of cl aim 11 wherein the

di hydri c phenol i?‘l ?i fsﬁohgr][ol -A. 13, The rocelzs:s.of claim 1l wherein the
catalyst is triet M hACPECRPHR TN BUXETe RqvineAm qregpis pBRSY 0didd

car bonat e precurs@gudows phggegene. 15. The process of claim 11l wherein said
repeating or recurring polysiloxane unit has a value D of about 5 to 15.
16. The bgr oc égidating the eaphlommixiyre fie enhappgpihe spafgetthesvesndhe plifasessonpoundi ng
into said th i . d | yca nat e- pol ysil oxane bl ock
copolyn§? CO%%%E?%?%%f%wégﬁ99§%§g£&$ﬁ%%§4%§§g¥gan selected fromthe group
consi stidpg okopdlkmkiizingttad digidtis phbndln Hedmrahching @fg@ﬂj endtheqlysilbkalei ne
earth metal salts of inorganic protonic acids, alkali metal salts of
organichﬂCnsted acids, alkaline earth netal salts of organic BrOnsted
acids. 17. The process of claim 11 further conprising the step of:
conpoundi ng into said thernoplastic random y branched pol ycar bonat e-

pol ysi | d2ane Tht podcessogfalainell whkipiashd dibpdrid pHedakits bisplerai-A.a heat
stabilizer, antioxidant, |light stabilizer, plasticizer, antistatic agent,
nol d rel easi ng agent, additional resin, blow ng agent or thereof. 19 18

JAN 2004318 THBS:RIIRIAiECN WherbhahStabaly ¥ishRby e eaction product s of

the formula: R

14.  The process of claim 11 wherein said carbonate precursor is phosgene.

15.  The process of claim 11 wherein said repeating or recurring polysiloxane unit has

avalue D of about 5 to 15.

16.  The process of claim 11 further comprising the step of:

compounding into said thermoplastic randomly branched polycarbonate-
polysiloxane block copolymer composition a salt based flame retardant selected from the
group consisting of alkali metal salts of inorganic protonic acids, alkaline earth metal
salts of inorganic protonic acids, alkali metal salts of organic BrOnsted acids, alkaline

earth metal salts of organic BrOnsted acids.

17.  The process of claim 11 further comprising the step of:

compounding into said thermoplastic randomly branched polycarbonate-
polysiloxane block copolymer composition at least one of: a heat stabilizer, antioxidant,
light stabilizer, plasticizer, antistatic agent, mold releasing agent, additional resin,

blowing agent or thereof.
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HO --~\ CH2CH2CH2-SIiO Y. R2 wherein Y is nmethoxy. R, | 1 CH2CH2CH2 OH

I
R2 D 19. The process of claim1l, wherein the polysiloxane diol is HO

CH2CH2CH2-SiO 1l RR RS SiO R2 Si CH2CH2CH2 D OH wherein Y i%gnﬁ\tth(ﬂﬁ%y. 20

18. The composition of claim 1, wherein the reaction product is of the formula:

HO—— CH,CH,CH,~Si0 4810 +-Si——CH,CH,CH, \ )—OH
v / | ay
R, | R | R
- =D

wherein Y is methoxy.

19. The process of claim 11, wherein the polysiloxane diol is

R4 T’a Ry
HoO—4 CH,CH,CHy =810 +-Si0 Si——CH,CH,CH, \ )—0H
X/ | "
R, | Rz | Ry

.

wherein Y is methoxy.
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