WO 03/ 008501 PCT/ US02/ 20446 TRANSPARENT, FI RE- RESI STANT POLYCARBONATE
COMPCSI TIONS  FIELD OF THE I NVENTION This invention relates to fire

resi st antwpaBypesmnbonat e conpositions and nore parti cul ar lpgTiUsazs@as ent ,
fire resistant pol ycarbonate conpositions. BACKGROUND OF THE | NVENTI ON

Pol ycarbonate is widely used in the manufacture of nolded parts because of

its excel | i NGPARENESIREARESISTNIT Fesiay c ARSON WIS CONIPERRiNGs and

transparency. Flane-retardant grades of polycarbonate have been devel oped
for applications such as housings for el ectronic devices, where safety
consi der atfiBitd QORiHE ENCENTAON | evel s of fl ame-resi stance. These fl ame-
retardant pol ycarbonates are typically prepared using brom ne- or chlorine-
containing flane-retardants. Recently, concerns about. environnental

cont ami nati on fNEMNYEBLPRN selpfes-todire sptiganhBOYSATRARIGqEPPPaREoNe ARFdant s has

created a_need for tr arent pgl r.baonat in.tittle or no
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nore plastic, there is a need for flanme-retardant grades that can pass

nmore stri BPRTKGROBNE OStBHEINIVENRTIONg, such as that set out in the
Underwiter's Laboratory 5VA test protocol. Siloxane additives have been

used to inprove the flame retardancy of polycarbonate as taught by U S
Pat ent Nos. 5, oy catloonatelisswidely 3sed imthe mapufastengtef meldedi parfser f or mance
i ssues in_certai

.applications. Si|oxane additive may migrate to the
surface oPesfisa& ltﬁé’?f@f%dmé’la%’@t""sf%ierh q?e@F Hhﬁfﬁeﬁ!or¥¥ﬁégﬁrﬁﬁvevo| atize
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copol ymer structures that overcone the probl ens associated with

safety considerations require certain levels of flame-resistance. These flame-
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
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sil oxane additives. In yet another teaching, U S. Patent No. 6,072,011 1 WO
03/ 008501 PCT/ US02/ 20446 discl oses a pol ycarbonat e/ si | oxane copol yner

based on wod3mbssofo of a eugenol -capped |inear siloxane wpCh/Usozed4é engt hs
of 45-55 dinethylsiloxane wunits. This material provides excellent

hydrol ytic stability, |ow tenperature ductility, and 5V fl anme-retardant

per f or mange. 7y UG iRk REpo B & BRbd Ioh 4181w BAGSPar ent .

Appl i cant g%ﬁavsgg’s ron\?ulasilgng ?//?1%3 thg?% (}%anatolicagl y lowering the
amount of egfaidl-cappedétheat génainecaph o lenganeas 45d3aliabdthilslogarta anspar ent
branched polysi | oxane-pol ycar bonate bl ock copol yner that neets the nore

st ri ngent ubits5Vhisampiegml paevddem extelliest brdealytiabiapility elovotenypgratiree

si | oxanes .and... br omi or ch]orine-containing,. flanme. retardants. BRI EF
SUMMARY. RO, OB, BRSTE A HoBhPS O heri s BikPuR BB br anched
pol ysi | ox 2 ¥ | ock copol yner conposition conprising |ess
than 1 M%ﬁ%gﬂgarﬁ)@g]%ge or%?gapped si |l oxane having block |engths of 5 - 15
di ret hyl siloxane wunits, wherein the polycarbonate conposition has a UL94
SV rating at tMNpmKicess lgiveaueprisingly fourehthak by alrabaticaldy howeriingtiesr s. The
invention also relates to a process for_ preparing a _branched

pol ysi | oxameusslof sherishainedugenotbepppstheito@separieaing GrprisPargntl ess

th 1 w. % of | - il havi | ock | th f 5- 15
eyt Bra e S AR R e B A e ot
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and a haze val ue of about or less when neasured according to ASTM D1003,
whi ch i s brsaimosedlddrineceontaibing féfme estasdards. a

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-capped 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.



thi ckness of 3.2 nm 2 WD 03/008501 PCT/ US02/ 20446 Pol ydi or ganosi | oxane /
pol ycar bonate bl ock copol yners are well known in the art, see for exanple
U. S. Pat ew0 oBloesso3, 189, 662; 3,419, 634; 4,732,949; and 5, ®63/130220ah6 ch are
i ncorporated here by reference disclosing resins conprising polycarbonate
and pol ysi | oxane bl ocks and processes for preparing

pol ycar bonat e- pg| bié%%@ﬁ IRe 6%9¥Hdi%ﬁ§bldpﬁ|$ BlrRaRSe Rlapck. The

pol ycar bonat e Eﬁ%ﬁs n th% corr/{;gsl ‘tion of the Cp? sﬁﬁ |an(\:3/ent| on conprise
recur r i ngkdowtnsinahe faot; sed for Exafigdg P.%. RatentiNbs. 3,169,662;-3,419,634;,c c1) wherein
Ra and Rb each represent a nonoval ent hydrocarbon group and may be the
same or df7BEPaRtandy5 86R1362 WM}E%F@H“FW@WQ&WPP}’lrﬁfeég@qesdlsﬁf P%‘ﬁ“go to 4;
and Xa represents ane of .the oups Rd
Mherein RESI PR HolUGTEHaE ATy Pel P LEAR UoR s Bt
nDnovaIen reibd} Oy cS3Iafe- BYALAS 4RO o8k eYPolshrRe 1s a dival ent
hydrocarb n %rggpp ﬁﬁe poaycgr}é’rgnate gcksbfm?; ber prepared by reacting a
di hydroxy conpound such as bi sphenol vvlth a carbonate precursor such as
phosgene, a h&bbfcarbmtate Biockal bepatyeadvormte bidvbndn eheesdraposienefal |y in

the presence of an
the present invention comprise recurring units of formula I:

o
|

(R (R")q

wherein Ra 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¢

| [
—C— or —C—

1

wherein R¢ and R¢ 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.



acid acceptor and a nol ecul ar weight regulator. It is also possible that
the block copolyner may be nmade by ot her nethods known in the art for

maki ng pwbysaodsonat es such as transesterification as di selcagesd2/pe4d). S.
Patent No. 3,154,008. 3 WD 03/008501 PCT/ US02/ 20446 Useful polynerization
nmet hods include interfacial polynerization, nelt polymerization, and

redi stribution r ncl udes, for
exanpl e, bi sphgﬁéﬁll?%fpgggﬁ%%%}} n#egl?%% gmluldg %%E&S%ﬁ@%‘ﬁ%g (rn)

wherei n Ra 1 cegnhiohepi@ selistriburiomoval ent hydrocarbon group and may be
t he sane or erent; p and g are each independently integers fromO to
4; and Xa represents one of the groups of formula;, R Re Cor -C Rd
wherein Rc andARdPS@ééﬂﬁ’“ﬂﬁd@‘ﬁéﬁﬁ”@nldlﬂy}’ql@ﬁb’é@é?ﬁo%dﬁy@ﬁb’gj@ﬁ ®omor a

nonoval ent Ilngz %ﬂélc i C 1¥d oc&r bon %ﬁoup and Re is a dival ent

hydr ocar b&gP BI.SP oRE 9T RS [imting exanpl es of suitable

di hydroxy conpounds i nclude the dlhydroxy substituted aromatic
hydrocarbons di scl osegsby na bj)r formula (generic or specific) in U S

Patent 4,217,438, WwhiL{is ingq porated herein by reference. A
nonexcl usi ve |i sty@f(spe »5(1 es of the types of bisphenol conpounds

(1)

wherein R2 and RP 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

| |
—C— or —C—

L

wherein Re 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-butylphenyl)
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formula (11) includes: 1,1-bis(4-hydroxyphenyl) nethane; 1, 1-bis(4-

hydr oxyphenyl ) ethane; 2, 2-bi s(4-hydroxyphenyl) propane (hereinafter

" bi sphenoWwoA3/0ass01 BPA") ; 2, 2- bi s(4- hydroxyphenyl ) but ane; p2rassb?/sisde

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

hydr oxyphenyl ) n-butane; bis(4-hydroxyphenyl) phenyl net hane; 2, 2- bis(4-
hydr oxy- 1 - . (

03/ oossolpg%%%lsg%ﬁ %‘ifl?é‘%fé”ﬁé“i‘ﬁgés %?%(%y%l‘?% %??‘%r*’é’?@* ésﬂ fsllu»cﬁﬁ}‘gs

2, 2- bi s(4ahyl§i§(@1x1y5ph©aybhem ?p?ﬂepenﬂané'—@&bl@ (oot 10alkyredsopent ane;
and bi s(hydr oxyary ycl oal kanes such as 1, 1-bi s(4-hydroxyphenyl)
cyclohexaﬁéﬂ1$&1ﬂdﬂﬁﬂéb“bﬁssphﬁﬁyn@W@#ﬁﬂ&ﬁ@etmo or nore different dihydroxy
conmpounds or copolyners of a dlhydroxy conpound mnth a glycol or with a
hydr oxy- or ac rnlnat 2l QL mnt acid or hydroxy
neia” T the chdnels RAPLER T EnEERO Rt ni RS A b0l yrer | <
desired f I hei r

bl ends. carCaPo et & %2%’o%@ﬁﬁs"é?‘@“g*ﬁ%?%@&P“"-ﬂrﬁ%“‘%ﬂ ?13’?3?&2% or use
in prepar ihygrd»&ye d@raamt;hzednnmdqiqlmeMr Wit d dibesiciaoid onltydmxyteidict eri zed
as bi sphenol sil oxanes. The preparation of these bisphenol siloxanes is
acconpl i smtbemyemhé cadmnait%ﬁomlyaﬂergéﬂw|tbwgar1i'@§1cmlm@rﬂ&)d%ﬁlr;ﬂsﬁef@m

contal ni ng_anp al Kenyl SubsLitusal . A560rdlag Lo 102 SSIREL fd gL ml &t RL
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:

Yol
2 HO@—CHZCH:CHQ * H?i{o—si}H
Ry }Lz D+1

Ry T1 Ry
HO— CH,CH,CH, ~Si0 —Si0 -4-Si—CH,CH,CH, \ )——OH
X/ | S
Ry | Rz R2
- -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.



l, 11 :: -/ CH2ZCHCH2- i i0i i0ii-CHRCH2CH2 - 7\ /\YOHHOY <X R2 R2
R2 D wherein RL and R2 are each independently hydrocarbyl and where Dis
an i nt egwo wfoogsoom about 5 to about 20. In one enbodi mentCTRISO2/204€t hyl
and R2 is nethyl or phenyl, and D is about 5-15. 5 WD 03/008501

PCT/ US02/ 20446 The essential features of the process to prepare the

bi sphenol si | oxamngsSesaéfidgsairLesk thy pYauahRo ptbpare FRé bis?!‘flﬁen31351‘}3»9&1&%5
(Decenber 1968). For instance, the process is exenplified in exanple 8 of

thi s Vaughre ¢aiceibed byi Cduglded£6i PetsNioh 8,438,685 (IDecamhiber 19p8).ofen-t er mi nat ed
pol ydi et hyl si | oxane to an aIIerhenoI in the g{esence of a catalytic
amount  of instAnseoleRTORESS aexeMBIiESA on exapiig @2f His Youghy pedgptashick’ | n one

enmbodi nent,, the | ysiyl. oxa | ocks are made,fr ._bi.sphenol pal ysi | oxanes
where Rt Sness BRI R ilp ae GBS PREFY RSB ¢ o The
phenolic §lg)?%§1'ehblﬁi@\tthe'ﬁ}@§é%c@b?arcﬁia‘l‘%rﬂié’aﬁb%ﬂ@6?%16‘10}'91%9%6dc‘i’cﬂla&fohél

hydr ogen-t nat ed pol'ysil oxane t wo nol ar equi val ents of eugenol

(4-al |yl - 2ormpldxaatydfiEibodggrea @ reacti on advant ageously catal yzed by
pl ati numor 1ts conpounds. The al Ig}l phenols in the schematic formula above
are also wel | knhennembospaentishe pelysHprere blloskgyasg MAIEIEdds for their

ti by Tarbel | Chem Rew 27 95f 19 .
Ebod menbRPPRECERIVTSHaRe wrer Rl M5 Ayl S b RO b nce i
i s readi | y-auRf bdhb fo A% ﬁhé&’d]fchog]}b%ﬁtdbrnt. Thed Nlehly PrOsHred rynd affords a

bi sphenol pol ysi | oxane of" favorabl e
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
compounds, 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 UL94 5V rating at 4mm. In one
embodiment, the polysiloxane blocks are present in an amount of less than 1
wt. %. In a second 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 comprise polyfunctional organic

compounds containing at least three functional groups which may be
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reactivity. The pol ysil oxane bl ocks and optional salt based flane
retardant(s) are present in quantities effective to achieve a UL94 5V
rati ng atwémsioodsni one enbodi ment, the polysil oxane bl ockecaresopemsent in
an anount of less than 1 w. % In a second enbodi nent, the anount is
about 0.25 to 0.75 wt. % based on the total resin weight. In yet athird
embodi nmeni, l Tioae] 9 The branched
copol ynmer s’ o#cg(slklle presyl éarloﬁg@%?@}f\%rgee Céi;b(ﬁgﬁe%bw&e{éﬂlagéﬁg br anchi ng
agent dur iigruped pHeeeasfzat i on. Branching agents are well-known in the art
and may conprise pol yfunctional or gani c conpounds containing at |east

t hree functi onal grou ps which may be 6 WO 03/008501 PCT/ US02/ 20446
hydroxyl , car boRrsdific ea&maiaﬂmewﬁﬁqulld%c a@dr BaRellitc aadiydridst ori de and

i xt h |
anhydr i g bR FRE IS SR ey Ry Sk e R P iSfirEbistne ¢ ThpE )
t N 11 I 1 1S~
(305! B ) Phofle il phtAIrE IS tridifp.hwdroxyphenyDisopropylbenzene), s

(4(4(1, 1- pheifgl-y @4 Q(Gyplbﬁwlh)vcbbhypl)er@ﬂphmyda)l giphadiptet-dithethpbnzyl ) phenol ,
trinmesic acid and benzophenone tetracar boxyl ic acid. The branchi ng agents
may be adberydiphenobieimesic améanddenzophendpd tghacahexybnacidopt i onal f1 ame
retardants. The conposition of the present invention may further conprise
non-vol atile s oanefla n f S

i ncl udi ng al kaﬂ1 ?]};ﬁm&g ng'fmg r?gg%éiriggg &?% t&rreo Péngﬁogg%ag?& pr ot oni ¢
aci ds as g@}cgngs organi ¢ BrOnsted acids conprising at Ieast one carbon
atom In one enbodiment, the salt based flanme retardants are

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.

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



sul phonates sel ected fromthe group consisting of potassium di phenyl sul fon-
3-sul phonate (KSS), potassium perfl uorobutane-sul phonate (KPFBS) and

conbi nat iwo30a83pr i si ng at | east one of the foregoing. SalpPtThmezeh4id ane
retardants may be used in anounts of about 0.01 wt% to about 1.0 w % based
on the total resin weight. In one enbodinent the salt based flane

e ar At PRSI AL R BRIR B gaRt; oA 0L 0 abou

0.12 vvt%gase e total resin In a se énbodi nent wherein

the salt b@@@bﬂdnamgai as; dﬁl@tthESlHéSS the ambunts are about 0.35 wt % or

| ess based on the total resin weight. Optional Additives The conposition of
the present invention may include various additives ordinarily

i ncor porat ed i Aurlkapditevsissasiknosvstaotherart of plagpies campruading iapdsmaye, for

exanpl e, t .stabilizer nt i.oxidant s 03/ 00

ol Usons J50udS. Etasrd il SRR ort abgit 31 rtihl WgBh F bt
hdt 1 vos SRR aladlf . ?ﬁ?é??ﬁﬁ?%g?wl %%%ﬁﬂ‘%ﬁb&%“ﬁ%ﬁ*ﬂcFESZ
(o eHATPLe OO iy ncghout st sbogh0 S eyt 11751
about 0. 7wsight gé/av;éa@jmzezsf alaomﬁ gﬂtwsqutﬂ parts bybygighy. <5f qrbaab@fatlcs parts

by weight of I i.ze lta ht.. of an
ant i stati 8ot 8RR =0ank BB oDt e R aufeR Rl rroll olsRee 487 Th
rel easing, ?@é}%mo-ﬁi?\‘?s oP BV £d @IREEhTe Bhsdd6n qg@ig)tah‘éeél }R%?Qﬂe 9800 parts
by weight o e resin conposition. Exanples of heat stabilizers include
triphenyl compspiticre, tris-(2,6- dinmethyl phenyl)phosphite,
tris-(2,4-di-t-butyl-phenyl) phosphite, tris-(m xed nono-and
di - nonylphenyl%Phos phite, dinmethyl benzene phosphonate and
xamples of heat stabilizers include triphenyl phosphite, tris-(2,6-
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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trimethyl phosphate. Exanples of antioxidants include octadecyl-3-(3,5-di-
tert-butyl-4-hydroxyphenyl) propi onate, and

pent aer ytwoiospbssoet r aki s[ 3- (3, 5-di - tert-butyl-4-hydroxyprempsppeaps onat e] .
Exanmpl es of light stabilizers include

2- (2- hydr oxy- 5- et hyl phenyl ) benzotri azol e, 2-(2-hydroxy-5-tert-

octyl phe_n)A}Qﬁcha%a_z}fmf&a%eh@tea,nm&awM&xacdbdpyﬂ@%soefﬁfth@eﬁ\z&nmﬂﬁﬁ -be Exanpl es
of plasticizers i'nclude dioctyl-4,5-epoxy-hexahydrophthal ate, tfis-

( oct oxycarcbodydted blyykniows peyansesadoe making bearchedgpudy epbrnaliez,ed soybean oi l .
Exanpl es of the antistatic agent include glé@:erol nonost earate, sqQdium

stearyl sdes@H@den WdaPatsat-UNee S8 ensdeh @yl $owhich areineriPesated nol d

rel easi ng,agepnts inc e pentaervythritoltetrastearate. stearyl stearate,
beeonax. haterenss. AL ARG Bl GRRPS AL T s BRtane T or egoi ng
addi tivesy, WRhHP A scopebf Aldpids¥RSinTRYtioR, M xed at a suitable tinme
during the mxing of the conponents for formng the conposition.
Preparation. The conversion of the bisphenol pol ysil oxane, the di hydroxy
conpound such &s obe eptterbimengrte braaspdient, fagensistanhpolidaeborgité\D 03/ 008501

PCT/ US02/ 20446 _ branched pol ycarbonate / sil oxane bl ock copol yners of the
i nvent i on cREpPOoBioncHAY Rersyatigsizeddnhc T sing3 Bgﬂfraer%mge%?lawgﬁége

pol ycar bonat. e as_descr.i bed..i : t . . 4,001, 184
b oh ar o PohcrpBRecRi el Oy Raie SinVth R S pul b sreauf BONAME end gt oups
are cont enpjiat %Qdé‘épn;ﬂﬁg%gem,tahhrh {eP@ar§CRmeOThe ReadioRS@BitutdWRBkI@N. | n one
enbodi nent, the transparent, fire resistant polycarbonate conposition nmay
be synt hesigredukly, ehdphiongerse isdupivtad thaough thessdetionivwhild the pldas ysi | oxane,
aromatic or aliphatic dihydroxy conpound, organic solvent, water,

endcappi nghaigkaired Bafveenyahaut frandabl e adqifiory @aquegys spustifoluldont j rred

vi gorously, and phosgene is bubbled through the solution while the pHis

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.



mai nt ai ned between about 8 and 11 by addition of aqueous caustic sol ution.
When the reaction is conplete, the organic layer is separated fromthe
aqueous |wgpas/oossashed with dilute hydrochloric acid and trem/usazbeads wit h
dei oni zed water. The solvent is renoved, for exanple by steam precipitation
or anti-solvent precipitation, and the polyner is dried. The conposition of

the present i ngRANIPNESTHheQRTEANH isddfinel MRRHRYA bPEhE RIRAMRGaEbHISI Ng any
known m xi ng nethod.  Tn one enbodi ment, the raw naterials are added

di rect|y Iimiiting keafgdes. shchll exammples, albhmounts axp weight @erdesitibhseaomn
extruder) via separate feed systens. In the nelt m xing step, the

i ngr edi enthg tetad resipiveeightumdess ofheswiredndiratedsi ngl e screw or twin screw
extruder, and extruded as pellets. The conpositions of the present

invention may Be usedo of D30YuidPR| HEELLINAGEELH LBkl key properties of
t ransparency, _ ;L OUgNNESS, seany 159 , and flane

retar d@”%ﬁh@gth?ﬁﬂbk&ﬁe fldREWIR éjdél%%e o&*%blﬁﬁe:ﬁﬁ&ﬁ%@@ﬂa%ﬁt%%ﬂ%i@" or .

i njection | di ng. 9 WO 03/008501 / US02/°20446 EXAMPLES The invention is
further ithitspeatededye (HezeinafteoDh@ fluad”)lis prepargd Exanpl es. I n al |

exanpl es, all amounts are wei ght rcent based on the total resin weight
unl ess ot@é&e\mtéylcaelq&%%ﬂlomwﬁ%ﬁgi %ﬁmb molﬁﬁe)otq¢m§n%rhYId181ﬂ¢ﬁa§eéJ<san| e,

eugenol - ¢ | ynet i by - egree of perization of
about 10 %@WE%%??dgﬁeﬁrt%%z@Ziﬁfgéﬁﬁ%ﬁjggﬁ%}ﬁtg?&%ﬁs Iwu( %ﬂ O|1_s prepared.
Cct anet hye RIRIEHaré 05ABeBinD KOL RSk Andeagad td FoCaBRDMys diTHel oxane
(1.7 kg, 12.3 noles) and Filtrol 20 (172g,1 % by wei ght from Harshaw /
Filtrol nayerBtwdis tlen misedcorliinedndnthe nixturd s agpidipdghat@tiddr bo 45C f or
2 hrs. The tenperature is then raised to 100 C and the m xture is rapidly
agi t at ed Psr he mixture is allowed to cool and then tiltered through a plug of Celite

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 (8969¢g, 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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hrs. The m xture is allowed to cool and then filtered through a plug of
Celite filtering aid. To the crude product, a m xture of eugenol (3.9 kg,
23. 6 nol ewp o3mpshoKar st edt' s pl ati num catal yst (3.0 g, 100 poprose/pos4s added
at a rate of about 40g / mn. Reaction conpletion is nonitored by the

di sappearance of the siloxane hydrogen in the infrared spectrum The
reaction produgihd:siplihatis Rimpleleatid ASufbhpbFhidrBid sl || m
evaporator operating at 200 C an torr ate po ysi | oxane

materi al  separaledgihdmithewnirei lhyey, dilugediegihesn additioplay 2L heahylene of about 10
siloxane units, to be used without further purification. Resin A (No
pol ysi | ox@lﬁ@rlplﬁe‘é’éﬁlwd “Btlb«élrh@tiffdﬂCAsqlggegganci;@egwa;h%wnh water until

1,1,1-tri hereafte THPE) are
char ged t Bedetdot SERARRASadE Ross dRaay Pl L BB dhSOAFORE b ( 20L)
wat er (23 I uconate (17g), and

p- cunyl ph{g%‘(q) %?En¥b§@§%gg% tat1§ ghﬁg&l&istep phosgene (4582g,

46. 3nol ) is added at 1509/mnrate vvhllethe pHis held at 10.0-10.5 via
control | ed addResiaB @boat 3084.Capelvsiloxahelprasent)10 WO 03/ 008501

PCT/ US02/ 20446 \When the reaction is corrpl ete, the resulting pol yner
solution is separated fromthe brine I[‘ﬁ/ diluted with an addi tional 23L

met hyl ene  chl Bisphenoh@s I"(§86?/8 BH-3aelit 1ds@Pl}Pcri3B?fe aﬁ"l’@’Vﬂ@g fedhed with

water until . \the 4 bl e chlorld

pol ymer i €19 l?o?ﬁgg?ﬁ%(ﬁ\ﬁh Qm% nrﬁl %}éar g&r%a%ragc%el aeta OE éqlﬁrc}gdrl ed.
Resin B (@ah@thethyine ehleﬁu)éfwbr%xamerqgsﬁ)?mth Iﬁm:gzghﬂﬁsé&%@&g 39. 3ol ),
D10 fluid (as preéepared above 8g, O. and (30g, 0.10npl) are
char ged t glumoh&tl(12g), aadqsdcmmym}mnpl @76pg4 Smidél e ihyhenextsdmr i de (40L),

wat er (ZSL% triethylam ne (1 C? sodium ) .
phosgene (4582g, 46. 3mo ) 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 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.

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

Bisphenol A (8969g, 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.

When the reaction is complete, the resulting polymer solution is

separated from the brine layer, diluted with an additional 23L methylene
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gl uconate (17g), and p-cunyl phenol (376g, 4.5nple% . In the next step,
phosgene (4582g, 46.3npl) is added at 150g/mn rate while the pHis held at
10. 0- 10. 5weica/essnt rol | ed addition of a 50% caustic sol uti eaT/O8hBE4abe
reaction is conplete, the resulting polyner solution is separated fromthe
brine layer, diluted with an additional 23L nethylene chloride, washed

Wi th dil UE]?IOE@% #akHEd ith angdid HensyRedadan ft}%ﬂ%gﬁew%m waldi€ultfgvel = of
titratable chloride is |ess than 3ppm The polymer is isolated as white
granul es the leveloh titretable dhabdtide iless dranctppriRéBhepll yhadrds iscdatetl.as%

pol ysi | oxane pr esent) Bi sphenol A (89699, 39.3nobl), D10 fluid (as prepared
above, 25%dute grapy %dqye%)te%mdmﬂpgatlgogm Cﬂfﬂﬁml) are charged to a 100L
agitated reactor, along with nethylene chloride (40L), water (23L),
triethylamne (7 11U . 17 q p- cunyl phenol (3764,
4.5nmol e%) . In the he Step,—phosSgent 458 ¥o-8nol ) i s added at

1509/ mn rate while the pH |s hel d at 10. 0 10 5 via controlled addition of

a 50% caustic BolphkheNA W8ep9d @yn%?tlbmlﬂhﬁi @RRbpiRd dHdkel €Y, t i Ng
pol ymer solution'is separate d fromthe brine | ayer, diluted with an

addi t i onal.023holepanhg [TéﬂéE (% O\GJOﬁBﬂMSdiareed/td)JSGQDE@gﬂtéterﬂehomrde, washed
with dilute HC shed er unti | he | evel of
titratabl alogg it d’éefﬁg’?qr‘@ é‘f‘]fw ﬂﬁc)l VF*F’é Yka@lf‘%md'ﬂéd as white
granul es %

pol ysi | oxggn%ﬁ%fg%%@?% @7@3% %a%q(%%l 3?8’ ﬁfdl@%fo(lﬁl ui as pr e(;)ar ed

above, 440@p, ph eghss2 m@lsﬂrﬂf)ﬁs@a%da(@ﬁ@gpmn%@mﬁﬂﬁcbm a 100L
agi tated regc{) O%nal ong g\?\/lth nmet hyl ene chl oride (40L), water (523L)

tri et hyl aheldeat(10AR1).5 v1a;o<nintmhlgi additimneof(a15f) caastit q@lmmyl phenol (3769,
4.5mol e%). In the next

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 (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 HC] solution, and then washed with water until

12



step, phosgene (45829, 46.3npl) is added at 150g/mn rate while the pHis
held at 10.0-10.5 via controlled addition of a 50% caustic solution. Wen

t he reactwor3sjosssepnpl ete, the resulting polynmer solution iPET/Ieparad ed from
the brine layer, diluted with an additional 23L nethylene chloride, washed
with dilute HO solution, and then washed with water until the |evel of

titratabl g,o r S Wmte
b e S L T o T R

pol ysi | oxametepraagls )by SefnhaabitAtios268giril. 3nol ), D10 fluid (as pr epar ed
above, 44g, 0.105 nol e) and THPE (30g, 0.10nol) are charged to a 100L
agitated reactor, _al ong vmth nmet hyI ene chI ori de (40L), water (23L),
triethyl ani ne Tegidesin F §lin gchingdd p- cunyl phenol (376g,
4.5mol e%). In the next step, phosgene (45829, 46 3nol) is added at

09! m - || d, add f
2 50% causti o SOPIETGHE TRetTe ddrtalfend PRI S sfeb Pl ng " °
ol yITer _sohus bl e SRRRLALSY 100DBRIARDPIEDR:] AUREwith biRfleet h an

addi ti onal 23L nethyl ene™ chlori de, th di Pute HC1 sol ution, and
t hen was héeldovidie(40E), eratem@BL), 1ﬂemlé)ﬁhﬁ0(8’ﬂﬁﬂ) BéHidﬁS(gﬁAdﬁﬁﬂéS(Wgﬂaﬂdevel of
titratable chloride is |ess than 3p m The poly is isolated as white

granul es B;ﬁusmséﬁhﬁwle(éV%,t%m@}e‘Vs)nd eééf"t?r'@spt ph@%gqmeF(‘l?&quééﬁn&dbm yner -

anove. aaly At BBy Bin Gyt WRIP P Rkt 0D B OuBled 2 ong wi e

met hyl enead&ﬂfo%df%%d%%&sﬁé’@ﬁ@ﬁox( 23L), triethylam ne (70ml), sodium
gluconate (17g), and p-cunylphenol (376g, 4.5nmole%. In the next step,

phosgene (4582g, 46.3nobl) is added at 150g/mn rate while the pHis held
at 10. 0-10. 5 vWheaothterreddtazh 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.

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 V0 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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addition of a 50% caustic solution. Wien the reaction is conplete, the

resulting polynmer solution is separated fromthe brine layer, diluted with
an addi t iwpaB/o@3h1 net hyl ene chl oride, washed wi th dil ut e PeTiUssDbassé on, and
t hen washed with water until the level of titratable chloride is |ess than
3ppm The polyner is isolated as white granul es by steam precipitation and

dried. In i 91'1"55@ I i of: 100
parts resP%Eﬁ&é@m%gﬁorp%ﬁs‘éﬁﬁrﬁm per ﬁﬁ%{r}ggut angt%l}f’%%a{hgh?gpﬁg‘ﬁ@o. 05
part cycFbgclasiifiphedyir Rte dadsl 0k 98671, anelc OBhstiG tingehast ydtive t ol

tetrastearate. Congoundi ng and pelletization are done using tw n-screw
ext r uder slongeeithan BY seranelsiamdi the gniedf tie BPWGtioortimesforidlilamet hen

i njecti .ded int 12.7 1.27 4 f | testing. UL
Tost s, | naPRUCHONS Ao TS T PL BF FEIRCT 41T BLSSORRSIPI TS appl | 6d f or
10 d ey . tic i

seconds, | WAshiByd feBBP hsBRARLE théh &0 ARBRECOfAFHPEIB g5t i © s

classifie ass owng criterira are net: for a

set of 5 sdRicaBto Bldse R BRdGdBVEOAtsubsiaNbe isdlagifadd B fishdsddLi on  of a
flame. The sum of the conbustion tinmes after 10 flanme applications to 5

sanpl es nB4V2ngheivéhe abpryeer critieria fo0clgsmibiertion andLifd Yharefudfiled sadbust i on
time can Sx.ceed 18 seconds. .None of the sanples nmust drip flamng
parti cl es ATPPIRGPHEABHRSG B2 HEGT WEHST 20446 burn conpl etely or burn with

gl owi ng conbust| I : Baskepds - 1f jonin fire
class UL 94 Vl,m ?%eéggggﬁ%h&p?ﬁég rz}ust not %giﬁwggfﬁflh‘aﬁ?%deseconds and
the sum otohd 40 GAATH lt.iipa;psmierae@ thefsad{plé baitkes PPl decohidNTwdé 0 5 sanpl es
must not be |onger than 250 seconds. owi ng conbustion nust never | ast
| onger t hamcogssive lemisappifrationhiare saparateilan gaeh casgdnt ingervatsofthose
ment| Onedsgc%%\(/i%.' Apéu lsj’g%tcg Ii’]sccﬁasls?fiecd 16111S 1r|ef cllaesds IIJE 9]:1|5r\/eif (ng ggmgllistion time

or glowing combustion time 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 branching siloxane V-0 5V
Example 1 5 50 O 0 0 0 0.25 0.5 Pass Pass
Example 2 0 0 0 0 100 O 0.25 0.5 Pass Pass
Comparative Example1 100 0 0 0 0 0 0.25 0 Pass Fail
Comparative Example 2 0 100 O 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 0 100 O 0 0.25 5 Fail Fail
Comparative Example 5 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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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
flame 127womsihogght with an inner blue cone 40 mm high is @opliseg2d4a6 t he
sanple 5 times for 5 seconds. Two successive flame applications are
separated in each case by intervals of 5 seconds. A substance is
classifieg.J I 9 i i i | ow ng
conbust i oﬂlél?lﬁlg’%fosﬁ ft(:g E§§§%én%lle6§s}t]%}o/égé %@éﬁ%@g%%%@ge‘tégﬁé adt%r t he final
flame apptogghtsiive deinkplerwidhbpbragckingfthagtiguorswnast.l aming  particles nor
conpl ete conmbustion must occur. The results of the UL-94 tests on 4nmthick
flame bars and the fornulations in the Exanples are as follows: nol % w %
Test Resin A B CD E F branching siloxane V-0 5V Exanple 1 50 50 0 0 0 0
0.25 0.5 Pass Pass Exanple 2 0 0 0 0 100 0 0.25 0.5 Pass Pass Conparative
Exanple 1 100 0 0 0 0 0 0.25 O Pass Fail Conparative Exanple 2 0 100 0 0 O
0 0.25 1 Fail Pass Conparative Exanple 3 0 0 100 0 0 0 0.25 3 Fail Fail
Conparative Exanple 4 0 0 O 100 0 O 0.25 5 Fail Fail Conparative Exanple 5
000O0OO 100 0 0.5 Fail Fail As can be seen in Exanples 1 and 2, branched
pol ycar bonat e pol ysi | oxane copolynmers with a relatively low | evel of

pol ysi | oxanes of about 0.5 wt. % provide excellent fire retardance while
mai nt ai ni ng transparency, even in the absence of hal ogenated

pol ycar bonat es and brom ne and/or chlorine containing fire retardants.
Conpar ative exanples with no siloxane or 14 WO 03/008501 PCT/ US02/ 20446
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hi gh | evel s 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. 15 WO 03/008501
PCT/ US02/ R043008SMHAT |S CLAIMED | S: 1. A transparent, firecrasostens,
branched pol ycarbonat e- pol ysil oxane bl ock copol yner conposition
conprising: a) polycarbonate bl ocks having recurring units of the fornul a:
(Ra)p (Ro m? erein Ra and R(err) each represent a nonoval ent
hydr ocar bé”rl}q’é‘?éﬁi)& an ]?ra\f%/l be the sane or different; p and q are each

i ndependently integers fromO to 4; and Xa represents one of the groups of
formul a: R Rel. | | Atranparent, firRdesigtantz brarRbed pblRairbandtet ndependent | y
represent a hydrogen atomor a nonovalent |linear or cyclic hydrocarbon
group andPREsilexaneblpgk EAPOlYRII SO BBHORY FIMPTISH)E a repeating or recurring
pol ysil oxane unit of the formula: O 11 I~ OLO CH2CH2CH2-6i0 Si 0

S -CH2 CHZS;’_Q %@cayﬁg’\al?gb&k;ﬁamgwgﬁﬁé)&nﬁgf RO 0146

L LR
é@@_

wherein R? and RP 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®

| I
—C— or —C—

1

wherein R¢ and Rd each independently represent a hydrogen atom or a

monovalent linear or cyclic hydrocarbon group and Re is a divalent

hydrocarbon group;
b) a repeating or recurring polysiloxane unit of the formula:
O
T1 T1 T1 )k
0 / \ CH,CH,CH»8i0——Si04—Si—CH,CH,CH, H)—0 o)
Y \—— | l | /Y%
Rz | Rz | Ry
D
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wherein RL and R2 are each independently hydrocarbyl and where D is an

i nteger of fromabout 5 to about 20; c¢) a polyfunctional organic branching
agent conmnvaimjongsont | east three functional groups sel ect edTiusomeddae gr oup
consi sting of hydroxyl, carboxyl, carboxylic anhydride, carboxylic acid
chloride, and m xtures thereof; d) flame retardant additives; wherein said

pol ysi | oxane it ds r i . andX ss, based
n The fotal warSht af BEFR e oA R ock an g P B m 1
wher ei n t Renfigktair lod ke absuth esapdut 200 amounts of about 0.25 to about 0.75
wei ght percent based on the total weight of the conposition. 3. The
conposition of Claim2 wherein the polysiloxane is present in anmounts of
about 0.29 to apeltfuncioalergiiic peadving pasricoskaingeg atdeast thygg ght of the
conpositipn. 4. The co sj tion G aim1 wherein,said repeating or

Fecurrt nofistyal FoxTRataRicH Fom the rPhE g iag shrS &1 SRR ol o

composi ti %bp@fn@an éVaf@)tx:yne abff cHibfifle! 871 AiRRGEs Blerbd)i Ckness greater
than or equal to about 4 millrmeters. 5 h

The conposition of Claim1
wherein the flanme retardant includes materials selected fromthe group
consi sti nd) of fAhkalretardsnt adkitives;of i norganic protonic acids, alkaline
earth netal salts of inorganic protonic acids, alkali netal salts of

organi c BrOnsted acids,, al kaline earth nmetal salts of aorganic¢ BrOnsted
acids. 6. The ¥ giSﬁidolaolajﬁlll%aaﬁemrsf HRICHT ID R MR FTABRUIAINE | ncl udes

pot assi umypertLUIBLARFERRE RYAIRDARRL Bt said LRRAEGRO0L PCT/ US02/ 20446

2. The composition of Claim 1 wherein the polysiloxane is present
in amounts of about 0.25 to about 0.75 weight percent based on the total

weight of the composition.

3. The composition of Claim 2 wherein the polysiloxane is present
in amounts of about 0.25 to about 0.50 weight percent based on the total

weight of the composition.

4. The composition of Claim 1 wherein said repeating or recurring
polysiloxane unit has a value D of about 5 to 20, and said composition has a
UL94 5V rating for fire resistance at thickness greater than or equal to about 4

millimeters.

5. 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.
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7. The conposition of Caim1 wherein the flame retardant is present in
anmounts of about 0.05 wt%to about 0.2 w % based on the total weight of

t he conpowDtoBoessoB8. The conposition of Claim1l further compmiusongp4ad | east
one of: a heat stabilizer, antioxidant, |light stabilizer, plasticizer,
antistatic agent, nold releasing agent, additional resin, blow ng agent or

combi nat i onsther eofne 8o He: ARSIl AN Abreh ?l'éég]}]&w\éﬁ}%fa‘%agntsﬂ' d a

pol yfunctional ~ organic conpound is selecte group consisting of:

trinellitpeesafit th ambirhfsdflabou€ 0B6WIS tlabohtr 0.2V H4 based on i totdlde,
tris-p-hydroxy phenyl ethane, isatin-bis-phenol, tris-phenol TC
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9. The composition of Claim 1 wherein said a polyfunctional
organic compound is selected from the group consisting of: trimellitic acid,
trimellitic anhydride, trimellitic trichloride, tris-p-hydroxy phenyl ethane,
isatin-bis-phenol, tris-phenol TC (1,3,5-tris((p-
hydroxyphenyl)isopropyl)benzene), tris-phenol PA (4(4(1,1-bis(p-
hydroxyphenyl)-ethyl) alpha,alpha-dimethyl benzyl)phenol, trimesic acid and

benzophenone tetracarboxylic acid, and mixtures thereof.
10.  An article prepared from composition of claim 1.

11. A process for preparing a thermoplastic randomly branched
polycarbonate-polysiloxane block copolymer composition, said process

comprising;:
a) charging to a reactor:

i a dihydric phenol;

ii. a repeating or recurring polysiloxane unit of the formula:
R T1 R4
HO \ CH,CH,CH,-Si04—Si0 +Si—CH,CH,CH, \ / OH
R/ | IS
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wherein RL and R2 are each independently hydrogen, or hydrocarbyl and
where Dis an integer of fromabout 5 to about 20, and wherein said

pol ysi | oxao®3008s501 i s present in an anount of about 1 wt. %corushEsEds based
on the total weight of said branched pol ycarbonate-pol ysil oxane bl ock
copol ynmer conposition; iii. water; iv. a polyfunctional organic conmpound as
a branchi ng ag : tal ni i | ected
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phase and an sajdawigsilshase uni)is gyeseat imgn eReourdad abent kv Ur er kess,enhance

t he contact between the ases: . c) adding.to the reactjon mxture a
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branchi ng agen jigyane diol. 12. The process of claiml1l
wherein the di h{%rﬁ:&gpgﬁgﬂgﬁ%n}s{ﬁb 1|8§p'henol -A. 13. The process of claim1l
wherein the catalyst is triethylam ne. 14. The process of claim 11l wherein
sai d carbonat ejiprecuras@t i s phosgene. 19 WD 03/008501 PCT/ US02/ 20446 15.
The process of claim 11l wherein said repeating or recurring polysiloxane
unit has a value D of about 5 to 15. _

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;
V. a catalytic proportion of a catalyst;

to form a heterogeneous reaction mixture having an organic phase and

an aqueous phase;

b) agitating the reaction mixture to enhance the contact between the
phases;
c) adding to the reaction mixture a carbonate precursor; and

d) copolymerizing the dihydric phenol, the branching agent, and the

polysiloxane diol.

12.  The process of claim 11 wherein the dihydric phenol is
bisphenol-A.

13.  The process of claim 11 wherein the catalyst is triethylamine.

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

phosgene.
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16. The process of Claim11l further conprising the step of: conpoundi ng
into said thernoplastic randomy branched polycarbonate-pol ysil oxane bl ock
copol ynerwoaspassit i on a salt based flanme retardant sel ectred/tfSopm4adre group
consisting of alkali nmetal salts of inorganic protonic acids, alkaline
earth netal salts of inorganic protonic acids, alkali netal salts of

organic Bronstegl aciflsp:gldabt BefantindRlAlaiadt éat 8f B0k fing Br Onst ed

acids. 17. The process'o urt conpr S|n e step of

conpoundi pglyisilbRarsaiifit hhe s MaphaBtdfaboandestly. br anc hed ,

pol ycar bonat'e- pol ysi | oxane block copol ynmer conposition at | east one of: a
heat stabilizer, antioxidant, |ight stabilizer, plasticizer, antistatic
agent, nold r&beasiThgpaegess of §émm Ibhithereomprigngdhagtergdht or t her eof .
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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

BroOnsted 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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