FLAVE RETARDANT THERMOPLASTI C POLYCARBONATE
COVPCSI TIONS , USE THERECF AND METHOD OF I TS
WOBNBAZITIRE BACKGROUND OF THE | NVENTI ON Thi s PCT/US2005/035432
di scl osure relates to thernopl astic pol ycarbonat e
conpositions, and in particular to flanme retardant
t her nopl asti c pol ycarbonate conpositions, nethods of
manuf acture, and use thereof. Polycarbonates are
useful in the manufacture of articles and conponents
FLAME fR@FARDAWr IRIERAGE A O c DPPYdaRBbIOIES codHo8 it Fitis O NEHEl ¥EEREOF AND METHOD
or 1TPartsracourd ectroni ¢ appl i ances. Because of their broad
use, particularly in electronic applications, it is
BAEKSIROURD OFpfiey I99ERygRAr bonat es with [l ame
retardancy. Many known flame retardant agents used
W th pol ycarbonates. contain brom ne and/or chlorine.
Tigs dircloatrsdelated fo thesmbplestitapadyrarhoants OEPRFIEARY, ang ai particular
arg less d egifa b se
opy Fp§ateb e e R ol ERHchier cofitfifons | pmethpds  of
mgmaﬁﬁnanmqmradfed wi th manufacture and use of the
pol ycgr bonat es. Brom nated and/or chlorinated fl ane
ret ar dant agents are al so.increasin ubject to
Polygpiponatsyare 4sHph &y %srﬁna%&ﬁ%m é"ﬁh‘?@da“?’l onents for a wide

raflgé dF %ﬁﬂl‘i&uﬁﬁé’ efrcgh? et ARRSHHsT BT clHoNFRRFHNAAERS , Because of
cluding various fillers, phosphorus-containin

tm;onipwmdge particodlerly annelectionss. applicatienspdb s d1|e$1f«'=lbgfu te previde
p G bl 3L AAiE Fer BB ¥l Alnolls 4iind RAARARMEYnd it

ang re however

polSiatgorates Rbiaintstomiret/ amid/o¢ Rhiorine.aBednihbadend/et el ddmita] flame
particularly in thin sanples, |In_ addi

eSS PERALH ACdESSRIrNIc RENER BRRYACS ané/PfaﬂaépPOéiPatﬁ dding from
th%%g %e‘iix}’ Ll o\ﬁoﬁgftﬁ@ E%\gsﬁbﬁta&k&lﬁw HidhaRfRREl ! drdSusefof the

ycar onat e conpositions, particularly inpact
pe;lyczebngtates P(Brymma@(hraed/poloylhambwdaﬂ@n@O}ﬁtﬂrmr@m@v@e also

al s n
mcreasomgl(;"/esub]%cr:totg ?g’ggﬁjatory resl{rlgtlo 5 nonbrom nat ed

Nonhalogenated flame retardants have been proposed for polycarbonates, including
various fillers, phosphorus-containing compounds, and certain salts. It has been
difficult to meet the strictest standards of flame retardancy using the foregoing flame
retardants, however, without also using brominated and/or chlorinated flame
retardants, particularly in thin samples. In addition, non-brominated and/or non-
chlorinated flame retardants can adversely affect desirable physical properties of the

polycarbonate compositions, particularly impact strength.

Polysiloxane-polycarbonate copolymers have also been proposed for use as non-
brominated and non-chlorinated flame retardants. For example, U.S. Application
Publication No. 2003/015226 to Cella et al. discloses a polysiloxane-modified
polycarbonate comprising polysiloxane units and polycarbonate units, wherein the
polysiloxane segments comprise 1 to 20 polysiloxane units. Use of other

polysiloxane-modified polycarbonates are described in U.S. Patent No. 5,380,795 to
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In still another embodiment, a method of manufacture of an article comprises
molding, extruding, or shaping the above-described composition into an article having

a wall having a thickness of 3mm or less.

In another aspect, a method for making an article comprising ultrasonically welding a

first part comprising a composition as described herein to a second part.

According to another aspect, an article comprises a first part comprising a

composition as described herein ultrasonically welded to a second part.

The above described and other features are exemplified by the following figures and

detailed description.

BRIEF DESCRIPTION OF THE FIGURES
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DETAILED DESCRIPTION OF THE INVENTION

Disclosed herein are thermoplastic polycarbonate compositions having improved
flame retardance, including flame resistance performance characteristics such as flame
out time (FOT) and time to drip (TTD). Without being bound by theory, it is believed
that the favorable results obtained herein are obtained by careful balancing of the
relative amounts of a polycarbonate as specified below and a polysiloxane-
polycarbonate copolymer as specified below, in combination with other components
such as an organic phosphorus-containing flame retardant and, optionally, an impact
modifier, as specified below. In another advantageous feature, the melt viscosity of
the compositions can be adjusted so as to provide a thin article with improved flame

retardance and good physical properties.

As used herein, the terms “polycarbonate” and “polycarbonate resin” means

compositions having repeating structural carbonate units of the formula (1):
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Polycarbonates can be produced by the interfacial reaction of dihydroxy compounds

having the formula HO-R'-OH, which includes dihydroxy compounds of formula (3):
HO—-A'—Y'—A%2—0H 3)

wherein Y', A' and A? are as described above. Also included are bisphenol

compounds of general formula (4):
(RYp (R,

w0 Y yon .

wherein R? and R® each represent a halogen atom or 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 (5):
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ethyl-4-hydroxyphenyl)propane, 2,2-bis(3-n-propyl-4-hydroxyphenyl)propane, 2,2-
bis(3-isopropyl-4-hydroxyphenyl)propane, 2,2-bis(3-sec-butyl-4-
hydroxyphenyl)propane,  2,2-bis(3-t-butyl-4-hydroxyphenyl)propane,  2,2-bis(3-
cyclohexyl-4-hydroxyphenyl)propane, 2,2-bis(3-allyl-4-hydroxyphenyl)propane, 2,2-
bis(3-methoxy-4-hydroxyphenyl)propane, 2,2-bis(4-
hydroxyphenyhhexafluoropropane,  1,1-dichloro-2,2-bis(4-hydroxyphenyl)ethylene,
1,1-dibromo-2,2-bis(4-hydroxyphenyl)ethylene, 1,1-dichloro-2,2-bis(5-phenoxy-4-
hydroxyphenyl)ethylene, 4,4'-dihydroxybenzophenone, 3,3-bis(4-hydroxyphenyl)-2-
butanone, 1,6-bis(4-hydroxyphenyl)-1,6-hexanedione, ethylene glycol bis(4-
hydroxyphenyl)ether, bis(4-hydroxyphenyl)ether, bis(4-hydroxyphenyl)sulfide, bis(4-
hydroxyphenyl)sulfoxide, bis(4-hydroxyphenyl)sulfone, 9,9-bis(4-
hydroxyphenyl)fluorine, 2,7-dihydroxypyrene, 6,6'-dihydroxy-3,3,3",3'"-
-5-
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These branching agents are well known, and include polyfunctional organic
compounds containing at least three functional groups selected from hydroxyl,
carboxyl, carboxylic anhydride, haloformyl, and mixtures thereof. Specific examples
include trimellitic acid, trimellitic anhydride, trimellitic trichloride, tris-p-hydroxy
phenyl ethane, isatin-bis-phenol, tris-phenol TC (i ,3,5-tris((p-
hydroxyphenyl)isopropyl)benzene), tris-phenol PA (4(4(1,1-bis(p-hydroxyphenyl)-
ethyl) alpha, alpha-dimethyl benzyl)phenol), 4-chloroformyl phthalic anhydride,

trimesic acid, and benzophenone tetracarboxylic acid. The branching agents may be
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and Y1 is isopropylidene. Preferably, the average
Met lo?ig l%(.l)ratgle V}:\)?ép%pattlogfof tp?)]ycarbonates by interfacial polymerization are well
known. Although the reaction conditions of the preparative processes may vary,
several of the preferred processes typically involve dissolving or dispersing the
dihydric phenol reactant in aqueous caustic soda or potash, adding the resulting
mixture to a suitable water immiscible solvent medium and contacting the reactants
with the carbonate precursor, such as phosgene, in the presence of a suitable catalyst
such as triethylamine or a phase transfer catalyst, and under controlled pH conditions,

e.g., about 8 to about 10. The most commonly used water immiscible solvents include

methylene chloride, 1,2-dichloroethane, chlorobenzene, toluene, and the like.

Among the preferred phase transfer catalysts that can be used are catalysts of the
formula (R*),Q"X, wherein each R? is the same or different, and is a C,.¢ alkyl group;
Q is a nitrogen or phosphorus atom; and X is a halogen atom or a C,.g alkoxy group or

Ce-188 aryloxy group. Suitable phase transfer catalysts include, for example,
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for the manufacture of articles having thin walls
Aligraetineds it pocgsses BEnRe asedof Adiatalest diy be usgd to acelerate the

r c [
o} P SEbERE A NE o SR SRR GBS ool fibthor
Rgotseaatibo natawstd yndlintee biaatreanop dinyinelr it aennary aminesesuch as

kno Althou h the reacti.on conditigns of the .
trigihglRIine | v BITB Y SRROSRARPIYE, yCoRArgfln BfetiRgy  ammonium
co%;%ﬁag ®dsiP Eﬂkﬁﬁf%%%ﬁ shiyPbs¢ hikali Bare M6taPdaHs Cdndi Rk,

di spersing the dihydri ¢ phenol reactant in aqueous
caustic soda or potash, adding the resulting m xture

Alternativally, tnobicerbantes mayrhesriepired B (coupacinsdin hmeNen state, the
a r:

dlgg&hﬁggéag o{s(geneea &15 tﬁ%rbg{lrxéég géntgxg sﬁé?rf %O&gh&gg F&B&Eeﬁé’ in the

presdnat yEh tﬂﬂﬂd’stealﬁcﬁtmrectdt@lysiﬂm nBanbuy mhasawin sare®eaxtruder, or

t, and.under contr IIe pH Lti
DSBS B0 S BT SPerPRG: Bl CHARGP BB ohas ffoved from
thb 'i’ﬂHlt%ﬁ II‘&HC?&H%S(H}/V&ﬁHﬁlUbH ﬁhdjdﬁ pUWnﬁth@ﬁ@lafé'ﬂ' a9 ra'n‘ij(ﬂten residue.
2-di chl or oet'hane, chl orobénZzene, toluene, and the

I|ke Anong the preferred phase transfer catal ysts

Thenpalyesaborsies ¢ge e arade dme arige varighy of hatchh. semirbaich or continuous
4 £ heqs f t

regﬁgx)s Q§&%}b¥\43?{?‘?§ Ftk ‘”T\&g?ou pd]g‘ (jtt aﬁl{ﬁh‘?t ér)%tage'd éo%rﬁﬂ tube, and

rephagging losp atalm;rs aﬂdecherg odl thmbolg%’rbatam‘mm ba aﬂlne‘&d by any

al k
.means now% lill?e art such as through the use of an anti-solvent, steam precipitation

or a combination of anti-solvent and steam precipitation.

The polysiloxane-polycarbonate copolymers comprise polycarbonate blocks and
polydiorganosiloxane blocks. The polycarbonate blocks comprise repeating structural
units of formula (1) as described above, and preferably wherein R' is of formula (2) as
described above. These units may be derived from reaction of dihydroxy compounds
of formula (3) as described above. In one embodiment, the dihydroxy compound is

bisphenol A, in which each of A' and A? is p-phenylene and Y' is isopropylidene.

The polydiorganosiloxane blocks comprise repeating structural units of formula (6):



C6.188 aryloxy group. Suitable phase transfer
catal ysts include, for exanple, [ CH3(CH2) 3] 4NX,

WO @O OHR) 3] 4PX; [ CH3( CH2) 5] 4NX, [ CH3( CH2) 6] 4NDXCT/US2005/035432
[ CH3(CH2) 4] 4NX, CH3[ CH3(CH2) 3] 3NX, CH3[ CH3( CH2) 2] 3NX
wherein Xis d , Br or - a C-8 al koxy group or
C6-188 aryl oxy group. An effective anount of a phase
transter gclatal yst may be about 0.1 to about 10 w.%
about |0.9 to about 2 wt. % based on the wei ght of

bi sp i—n the phosgenation mixture. Alternatively,

mel t roéesses may be used. A catalyst nay be used to

accel eratelg he ratggpf polynerization of the di hydroxy
reactant (s) with the carbonate precursor
Representative catalysts include but are not [imted )

wheseinesaeh gegprignenelsR 43 isamear differanhyand is A& - giepeyalent prganic

rof QS PRAT RO T RO o E1R,CHRST BT RIRBEP B e C..
alﬁaiyl groupn d?z-lﬂg e alkiekyfloxyﬂxtgtoapn as-C¢ eiyylplal{kgal gt«)?p?tk)@ﬁé)% egcloaitoxy
e [epare CQ-reac ng, 1n e atl e, e
SR ey Y AP e ) SIS P T HA PR B aralkoxy
grotig,ncae, diaphenY oGy ep@tclee.g dIRary1dRy PE6§E NCC€ombindtions of the

transesterifi’ cation catalyst in a Banbury mixer, twn
fosepoing R gtoupslmay bemusediia the sene eopplymrera uni f or m
di spersion. Vol atil e nonohydric phenol is renoved from

t.h I . di st i QF t I
o O, SOELETAT o SR AL 930 M
the aherme prastike compaitidnd eTiwavdled yf Df wiblathetefors eaty- dependingon the

continugus reactors, Suych reactors are, for exanple, ..
(YBE 147 o A KATaigItt ot E8FT GPIRGICNE (/B ehe JHETHRRLESFIE HamHOfgon,
inkREfhe" BRCEPE SandREGOVRT ¥ PblykABoRRL, Y dsaRO RS dRfi&abobRiloxane-

achi eved by any nmeans known in the art such as through
palpearbameteofopalyment andsetherefiame setardantpr Switphle apiven farD gnay be
conmbi nation of anti - vent and,steam precipitatiaon,.
aGREBTLIR T ordPrei B LR af WSl SPOHEL S Piof Tsing e
gi@dlirearthghatherdl. o keherllg, Pohysdawhgaags vhiaxafe i abésg. 1000,

The pol ycar bonat e bl ocks conprL%e repeatinﬁ eructura
snepifical b pbqus i ipbEYY 19% raerssPryEerlvothrat 2ang about 75. In one

b SERERAL Y hYO &S QL& SRL viiSe O abOHA & GBJut @D, and in still another

embodiment, D has an average value of about 50. Where D is of a lower value, e.g.,
less than about 40, it may be necessary to use a relatively larger amount of the
polysiloxane-polycarbonate copolymer. Conversely, where D is of a higher value,
e.g., greater than about 40, it may be necessary to use a relatively smaller amount of

the polysiloxane-polycarbonate copolymer.

In one embodiment the polydiorganosiloxane blocks comprise repeating structural

units of formula (7):

R

R R
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descri bed above. These units may be derived from
reacti on of di hydroxy conpounds of forrmula (3) as
waelemenitierd above. I n one enbodi ment, the di hydPORYS2005/035432
compound i s bisphenol A, in which each of Al and A2 is
p- phenyl ene and Y1 is isopropylidene. The
olydlongsn03|loxane bl ocks conprise repeating
whergindt aitbP apmasdelioed alvigul a (6) : wherei n each
occurrence of Ris same or different, and is a G-13
r di
Rn}?ﬂ%}‘lﬁhlﬁr& R a?((i;ighl%ntr éd 8% §f3pha|'t:19 g(@fﬁgp%ﬂgg M@lz?@ﬁ‘m@? (B may be
thalskmeydr @ffempt, z{ﬁd 18hy Bead kalngdngyyaryy, oufpg, C3CEaAlkylthio, Ci-Cs

oo ko B ligail g b TR B S0 i olagigh Cci

C}@l70'a@o§y,aC§JCK6”éYylgCQJm@ afyloky, G-l katkhl gmpgg at@lko% €i-Cy,

al karyl oxy group. Conbi nations of t f or egoi ng
allgfmﬁhpscvré:yzz aryload, Vhereineagnnis leémnsl%lw b 7.3, Pofmul a
(6) is selected so as to provide an effective |evel of

In SRMEBRAREHANF & b:BndoDSt ém&fowg&gre foup QUBP Y 'ee?r%pégﬂﬁ, or

erefore vary g on t

prapyl, arehlhbxwgoamnnht asofietb@aoi etbomp&mprdpokyg darhe aryl group such as
ic co

g p%gglfj %P{ﬁp Bylygé:‘t'@gﬁ é{l 1osnz} ﬁlbg%{l}l’-idl n lflplgfhy e¥1g or tetramethylene

ell? yasluh@fsaar@pgoilmaﬁmﬂ 1esu6199§>drmefopr@pw Qhik Ic;maﬂ such
retardants. Suitable values for be det er ri ned

asarhenys clgpwiphemsy oskalyll In anather SihodieioRgs Wathyb o A mixie of

i ng, t i de

A T e I g R
erﬁlitﬁmnémt@M {symethoxst, nli® ohe, Ribie utditOent GreC Lalihete Efoba) 4nd R is

about 25 to about 75. In one enbodi ment, D has an
mgth¥l-age val ue of about 40 to about 60, and in stil

anot her enbodi nent, D has an average val ue of about
Tﬁ&e u\’l\hﬁ hfyBe EerRbd %MWCOY@E;S@MU% @hydrb®p §01|'yb@9gaﬂb§l—btxane

it may be necessary to use a relatively larger

(&&nount of the polysil oxane-pol ycarbonate copol yner.

Conversely, where D is of a higher value, e.g.,

greater than abo 4 it may be necessary to use a

rel ativel swaﬂ untRof th
pol yﬁb'@elzmt é—q@p@%

wherein R, D, M, R?, and n are as described above.

Such dihydroxy polysiloxanes can be made by effecting a platinum catalyzed addition

between a siloxane hydride of the formula (9):

D ®
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In one enbodi nent the pol ydi organosi | oxane bl ocks
conprise repeating structural units of formula

w@ Z)osokesei n R and D are as defined above. R2 P@I/US2005/035432
formula (7) is a divalent C2-C8 aliphatic group. Each
M in formula (7) may be the sane or different, and may

e LS S SRl B Sl B St
mGﬁ&Hﬂn&@erﬁﬁ ‘Sﬁﬁhlﬂ@'akfd}lnanc% ﬁ;‘%aﬁ%&tlﬂ:@ %dﬁ@ﬁydnc%heg)ls @nc]uded

aryl 0 - ar al ky ar al
focexgpple, alllgcaoly|2 albsrlpmota@almlﬁanwhmbpben%%ﬂﬁylrﬂ plaﬂnbﬂnhenol

WP ARG el fronunyfol A MR SRR P ety

4-@fd’pylpheﬁx51 RealIphh 6- @me@ymxﬂolgmum SBESINGS- mhﬂﬁmml 2-allyl-
thoxy pr opoxy, group such as phenyl

6-1K Wrﬂq@ﬁmylph@po]t qﬂdy@-allﬁzcl {)-glrgetayl @rm]” eYixtures comprlsmg at

m&? HFEhﬁkqagﬁﬁhﬁhﬁﬁcﬁggéhﬁg@”e group; and Ris a Ci-8

al oa trifluoropropyl, cyanoal kyl,
such as phenyl, chl orophenyl or toI yl. In '
Tl@mqvpb@rlombmiymbppatee ¢®olymdnylh1ayd:e manifectured by reaction of

OfFORSY AL Y SR Bl S SR 0

cdnspoin@  of R8rmsla g3 Piopabedly il t‘h@%r@bh@@ﬁ 4 PheFeOhsforRBtalYst as
is nmethyl. These units _rmay be derived fromthe

deseribeds 3ot ngSWFf’r%rC@WmﬁBi’f VAP oTGHADL P | Bivgh sl ;in forming

%&?} b
ﬁ%ﬁhydrgﬁg%%g yS| %)es %gn%%egﬁ%%%h 89e@?§g§P38L at
tempptaatremfrmncbfﬂw WEdo aﬁdmtt 109AC hprtefupaiy abe;utl?df(@rte about 50°C.
f the f I 9): D are
Sige e GEasiyn o ProNRTIS e ai5 S FGRAERF AAETgh TS JEREt Epontrol
thBaB&H rtblﬁp&ﬁﬁl‘ﬂ@' TheWinidt @f phbfRAt ir&dlided WANS@dnefaAl Qfkpend

nonohydri ¢ phenol s i ncl uded, for exanple, eugenol,
uppny|the, | arawmb| of Ahey|dikydriz. ﬁ@pﬁ;}tspheﬁbpmatlvely, the polysﬂoxane-

I b henol
R L T e
dlﬁydrekjf]yﬂonomers and a diaryl carbonate ester, such as diphenyl carbonate, in the

presence of a transesterification catalyst as described above.

In the production of the polysiloxane-polycarbonate copolymer, the amount of
dihydroxy polydiorganosiloxane is selected so as to provide an effective level of flame
retardance to the thermoplastic composition. The amount of dihydroxy
polydiorganosiloxane will therefore vary depending on desired level of flame
retardancy, the value of D, and the type and relative amount of each component in the
thermoplastic composition, including the type and amount of polycarbonate, type and
amount of impact modifier, type and amount of polysiloxane-polycarbonate
copolymer, and type and amount of other flame retardants. Suitable amounts of
dihydroxy polydiorganosiloxane can be determined by one of ordinary skill in the art
without undue experimentation using the guidelines taught herein. The amount of
dihydroxy polydiorganosiloxane may be selected so as to produce a copolymer

comprising about 0.1 to about 40 wt.%, for example, about 8 to about 40 wt.% of
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4- propyl phenol, 2-allyl-4,6-di net hyl phenol
2-al |l yl - 4- br ono- 6- net hyl phenol , 2-allyl -
wW® 2006008y - 4- met hyl phenol and PCT/US2005/035432
2-al lyl -4, 6-di met hyl phenol. M xtures conprising at
| east one of the foregoing may al so be used. The

0l.ysj, | pxane- pol ycar bonat e .c | ynmer, may b
poﬁbé(]ﬁ%lfag‘é/{%ﬁp’é@eby greac?r? one‘ﬂ)‘flvag?rﬁygr%%ﬁr pg?rg}‘gﬁlqtoxé)rf{e ¢ g?ther
poMdidrgandiablanRat € IPurge agfbalisemty dihxy agio@fBt o€  dihydroxy

conpound _of fornulaeéf), optionally in the presence of
podydipragarostlpransimazy beatelgcirstto psodnes e cppRlymEheArapTIsElE 3bgut B to

' Lians o : . :
S0 SRRk st OPRE HAEH LU BIBA o amtrr
patydEpaasdiloyareh oFge naiouon of diméthyipidsanhenads fin ahe [pelysiloxane-
C.to about, 100C, r ef er apl about 250C to .ahout, 50C. .
PolyGHEhonE R EOPRIABIT Biay e I5ieamig by dhosg ﬁﬁomaéy el gp fegtising

kA fleModiBYF R xR, (tRe GRIMH: PerdeRE of ARREPRiloxane units in a
tenperature. The anount of phosgene required wll

cagepoend bf foraee(8) map ba deteoniard by compansea ofilteyidiegrated intensity
te

actants. Al nati vel the . L 1

oty BF Sur% andiohr B sFalie ok SForipmrcccniy ipdhe, i MR pecta
oftyhomfugefaisan@ld dissdlvedlih @DEY abichout tegrathiethythilang).

nmononers and a di aryl carbonate ester, such as

di phenyl carhonate, in the presence of a .
The Mg%ﬁ)ﬁ@m-mlz%ﬁ%ﬁt%%pgrws R b trassauecyly weight
(NI EmBARFHAC ¥drQRamblel BE cBYPe¥ftd BN RAARHRRS H&5H O ARABL @ntrifugation,

copol yner, the anount of di hydroxy

ordighy siatteniag)odiaboxtalfed 0030 sbous 208408 prefsrably ghouy 2@80G1e about
1@6@“ ive level of flane retardance to the
ernopl astic conposition. The anmount of di hydroxy

pol ydi organosi | oxane will therefore vary dependi ng on
Tietepolyenbdravetompositicaniaay @irtied arbyde dnhienpaal medidier Bympawition

the type and rel ati g,e am)ur}t . of each_ conponent in-the
CoIFRSiSHSp P aB MR RERIBINAH B, T WHAGUIMHRSIHAE 1Py Eredify its 1mpact
reSRRHAE  SfitdBR) MGALLRABAERrs hiPBe &7 d1aS@RIL IR fidd"Bak opolymer

polym

modi fier, type and anount of _ .
copuirissig (Oxandasaheriai o matiberd ppbinyamsebstratechavinge Babelow 0°C,
moreX s%ggiﬁgzﬁllyoetib%%{ —JOIO WP E,t z‘;ﬂnrdd (;i‘ir)ﬂas’rigidS lfl)%)ltyr%%lrig sg&?ﬁpa‘ig’ gr%%ted to
the elastomeric polymer substrate. As is known, elastomer-modified graft copolymers
may be prepared by first providing an elastomeric polymeric backbone. At least one
grafting monomer, and preferably two, are then polymerized in the presence of the

polymer backbone to obtain the graft copolymer.

Depending on the amount of elastomer-modified polymer present, a separate matrix or
continuous phase of ungrafted rigid polymer or copolymer may be simultaneously
obtained along with the elastomer-modified graft copolymer. Typically, such impact
modifiers comprise about 40 to about 95 wt.% elastomer-modified graft copolymer
and about 5 to about 65 wt.% graft (co)polymer, based on the total weight of the
impact modifier. In another embodiment, such impact modifiers comprise about 50 to

about 85 wt.%, more specifically about 75 to about 85 wt.% rubber-modified graft
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di hydr oxy pol ydi organosi | oxane can be determ ned by

one of ordinary skill in the art w thout undue
we@x@enirment at i on usi ng the gui delines taught hECBU2005/035432

The amount of di hydroxy pol ydi organosi | oxane nmay be

selected so as to produce a copol yner conprising about

40, W % | e, oab b 4
oo RRR Mapnbpdt 1 ABRG0 SRRt e Bediyiithu®s o

Ao A twitHho g&ﬁlt@t(&'tgﬁolpﬁhbb/ Hasédem asd loel angght|oF tA®@npact modifier.
enbodi nent, the anmount of di hydroxy
The rlya‘aﬁrs@arwéppmﬁ% OF&QPEMELs| BAY @&Ot*aﬁ BeRsERiely pyepared, for

b 0
S NPT SO SAR A oS B0 U g o
bak qi)t)merpa:thqmlaod gddwaistol tbax anpact Titvelifasrmontposition or polycarbonate

di met h xane units.in the
R o SO A B APE B P 0 YR BecTerabl v gymber
aMa%hﬂﬁ@ctMr »&Hig’d@@fﬁfox%lﬁddoo't@ 200go@rt using known
ods. For exanple, the weight percent of

di met hyl si | oxane units in a conpound of fornmula (8)
Svitapleymatgenls fas wiscs tspe eloprpreris @alyster backbope dnghudeethr example,

C(%: ﬁﬂ’i‘]' élgneoxfubt)% %W?l’tér OP %&%ﬁﬁ%atég dﬁéﬂ% v? 'tl'? Q' %haB hbout 50

Si | oxane ¢
whtimof ranmp@l)&&mzhlﬂe dhsnmhete s mlﬁ@(ﬂnﬁeﬂ@)ﬁbﬁym lastomers; olefin

B L N, PSP RIRED TR S

mOB&a&s edEPHRY); eXREBAEe rubhérge Ela%ﬁféﬁ@t (o] Q alkyl (meth)acrylates
chronatography ultra-centrifugation, or |ight

elegemere fang)ymedrs abut alkgl @ethaeyhtrs witPBgadie, and/or styrene; or
ef er g ut .100, 000. The
AL BLAR nRSHk Bl Bhe PaE b 8 P Rer e an
i npact nodifier conp03|t|on conprising a particular
Swicatrtd n@tjugnnedoﬂlenerpmtonmsj iféri preparig thecelasismer backbopaate of
est&iﬁg Sui tabl e inpact nodifiers may be an
( r-nDdlfled graft copol yner conprising (i) an
el astoneric (i.e., rubbery) polyner substrate having a
Tg bel ow @0G nore specifically about -40 to -8Q0C
and (ng iggg/polyneric superstrate grafted to the
el astprferic polngr substrate As is known,
el astoner - nodi i €d graft prolyners
wherein each X® is independently hydrogen, C;-Cs alkyl, or the like. Examples of
conjugated diene monomers that may be used are butadiene, isoprene, 1,3-heptadiene,
methyl-1,3-pentadiene, 2,3-dimethyl-1,3-butadiene, 2-ethyl-1,3-pentadiene; 1,3- and
2,4-hexadienes, and the like, as well as mixtures comprising at least one of the
foregoing conjugated diene monomers. Specific conjugated diene homopolymers

include polybutadiene and polyisoprene.

Copolymers of a conjugated diene rubber may also be used, for example those
produced by aqueous radical emulsion polymerization of a conjugated diene and one
or more monomers copolymerizable therewith. Monomers that are suitable for

copolymerization with the conjugated diene include monovinylaromatic monomers
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may be prepared by first providing an el astoneric

pol yneri c backbone. At |east one grafting nononer, and
weembesiatd y two, are then polynerized in the prEBESINES/035432

of the polynmer backbone to obtain the graft copol yner.

Depending on the anmount of el astoner-nodified polyner

‘ﬁﬁ 3.3 Barate natrlxtor cont i uouslgpas h?Jl vl

@P’&fét CRIFngl T BBRY N & PRGOSy TP Ay/ithd naphthalene, viny

arﬁhmrie@aewh% ol AbAGHerdlof Rgmid (113:he

el ast oner - nodi fi ed graft copolyner. Typically, such

i npact nodifiers conprise about 40 to about 95 w. %

elastgneﬁ- i fjped graft copol yner and about 5 to
aboui raft (co)pol ynmer, based on the total
wei ght he I Hpact nodifier. In another enbodi nent,
suchxfnpgCt “xfodi fi ers conprise about 50 to about 85

W . % noixe specifically ghput 75 to about 85 w. %
rubber-nodi fied graftcopol yner, together with about 15

to about 50 wt.% nore specifically about 15 to about
whereint eaph g¥ aib tindependsotly hedrogemsedConalkYle CB&I&FYWIWI Cs-Cr2

o8] £08 TRBGY, 06 [ gl T W01 9L, L BRLTRY S

mer’s’

a@mm}ﬁorbybrbﬁd)l Gﬁhydﬂ@i}y ﬁﬁd RZlahy@ﬂgen E]{(&rdlk)d Ubramobyr chloro.
nsi on, solution or bul k pol yrmeri zati_an,

I
e@{nﬁpl%ggahqs Sin{aRls m?ﬁa&wwwemoemésﬁﬁ% BAY &e used include
st%hé’ cALRARAFefO @9§iettlﬁyq’§fyre§é' oL n%%fg?g tfrekk, MdlSHalmethylstyrene,

yners or copolyners preferab Ve nuriber averag
alnm mmyhmmaholglhms ahfhafqhmwayre@@oﬂplm lzrcmomne,suphlatﬂsezrene

terials for t he el
R e S e D DT S M RS
foz€gotgy rnfpoahdsa @r@lnjthl@alﬁled dEsgméheWahdyot ezﬂﬁhai—ﬁ@thy&@@éﬁe are
50 wt. % of a copol yneri zabl e nononer; G-
cmeﬁyaee@ PRMONEMEE: copelyamerizplie with thstf@rwggf@é Hh@;; monomer.

Nﬁitt]yels JHand rf&‘@%(}]ﬁ% (:r‘nd(§1I o éy RS meE R E]%Ez)mvmylaromatlc monomers

|'ene- prop nononer s
nmubbebsp&dlastonerlc C - alkyl (neth)acryl ates;
el astonmeric copolyners OfG - alkyl (neth)acrylates-

i th_but adi e e and/ or e:.. 0 nations
OffshorP RSl et s o SR S8 g b Bl ene e
monovinylic monomers such as itaconic acid, acrylamide, N-substituted acrylamide or
methacrylamide, maleic anhydride, maleimide, N-alkyl, aryl or haloaryl substituted

maleimide, glycidyl (meth)acrylates, and monomers of the general formula (12):

g

H (12)

wherein R is as previously defined and X° is cyano, C,-C); alkoxycarbonyl, C;-C;,
aryloxycarbonyl, or the like. Examples of monomers of formula (12) include
acrylonitrile, ethacrylonitrile, methacrylonitrile, alpha-chloroacrylonitrile, beta-
chloroacrylonitrile, alpha-bromoacrylonitrile, methyl acrylate, methyl methacrylate,
ethyl acrylate, n-butyl acrylate, n-butyl methacrylate, propyl acrylate, isopropyl

acrylate, 2-ethylhexyl acrylate, combinations comprising at least one of the foregoing
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Sui t abl e conj ugat ed di ene nononers for preparing the

el ast oner backbone are of fornula (10): wherein each
wXkoos®4i7emependent | y hydrogen, Cl1-C5 al kyl, orP€1eS2005/035432

i ke. Exanples of conjugated di ene nononers that may

be used are but adi ene, isoprene, 1, 3-heptadi ene,

t di ne - 1.3 -hutadi ene,
SRR o iR 2 M@ Eersioudh R Tab¥haoriltaeBib Ay RfG and 2-
e&?mekj’lk@cryﬁﬁe WRS lcomolyX lubéce s CABRIThés rkg)patyxﬁe%@%le OJGEh the
. the foregoing conjugated di ene nononers. Specif

C%%Qﬁ%jja‘ilé’ép @oeereethonopol ynmer s i ncl ude pol ybut adi ene
and pol yi soprene. Copolyners of a conjugated diene

SRS (mBRYa ﬂ’lzﬁ? {‘%Ss%?tabl%%r Sgéaefmh? cfa?t%ﬁlgrle 8%&?‘%&1@%0%
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(%t&a&éﬁ%mMP%@&.@W{W pRlas PRty inPdmEtar e to

150N | ITYdoR oA BReHsCsulR 8 B &fed Al cth 1 ARG h £QNERN Bﬁﬁdlene isoprene,
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(rget}mipryyatg,tcya]bfh gnal@tes-d@hl]e't fyhaater dinkyl adlpate triallyl esters of citric

TN s Ry T

c6thpriding Adtast eneof te Riregost toeligkingRkems.chl or ost yrene,
conbi nations conprising at | east one of the foregoing

ounds, and the like. Styren nd/ or
Thy nﬁé“’mﬂ“ﬁ;ﬂ St 3ol e dewe o4 ithginback or random
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M Xtures of the foregoi ng nonovi nyl nondmners
pamn]g\ﬂlszd}@m B anipwom@tars,snore specifically 0.1 to 1.2 micrometers, still

more specifically 0.2 to 0.8 micrometers, for emulsion based polymerized rubber
lattices or 0.5 to 10 microns, preferably 0.6 to 1.5 microns, for mass polymerized
rubber substrates which also have included grafted monomer occlusions. Particle size
may be measured by simple light transmission methods or capillary hydrodynamic
chromatography (CHDF). The rubber substrate may be a particulate, moderately
cross-linked conjugated diene or Cy. alkyl acrylate rubber, and preferably has a gel
content greater than 70%. Also suitable are mixtures of conjugated diene and Cy4

alkyl acrylate rubbers.

In the preparation the elastomeric graft copolymer, the elastomeric polymer backbone
may comprise about 40 to about 95 wt.% of the total graft copolymer, more

specifically about 50 to about 85 wt.%, and even more specifically about 75 to about
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p@lorn@g@atwglnmﬂoaenm(tumcbonﬂmsingka nMbrooingtsomaid @snomer and

I h t d t hyl hexy]
OB oo e P PR an oE e of copatymere daspweri

pWyfnfér tuiRtrees)) THALRH cticSdttheAHHIR N la%%h&tﬁplln%nomers may be used
(msth)acryl ate rubbers suitable for use as the

ingthg Jidaheraticrhsss. yﬁfévdlbaémx@ealnhqrméﬂyé lstywel halksggrenes such as

e h r yner
SRR SO0, ORI By G0 YL Rl
rraﬁroyysayxese, opt cmnhilnhtyonsn camhiprixingr @t Wehdl Wpet of 1éhe Wrorpoing
mer s such tyrene, nethyl nethacryl ate,

“"8{]?\3 rﬁg{%‘l IICSYB%I}%?,%S yfpoqu@rw,qro%}@h%gnqumers may be used in
cafbihtd tWith &neasd n‘f@rét SRS RADT fop | Bgmg;le tﬁgséboggﬁe&tqbed

t he foregoi ng comononers. Optional |
m@awflxlr?cmpmm @nrgfesmonganery of dmgmmi faremplao@ 2 pr lesmetspecific

L
thalcbmloemaérr 1|s (alcrylcrmt(rlﬂﬁgtehj)yaﬁéryla&l; asd/oP@kih§Binethacrylate. 'In another
specific embodiment, the rigid graft phase may be a copolymer of styrene and
acrylonitrile, a copolymer of alpha-methylstyrene and acrylonitrile, or a methyl
methacrylate homopolymer or copolymer. Specific examples of such elastomer-
modified graft copolymers include but are not limited to acrylonitrile-butadiene-
styrene (ABS), acrylonitrile-styrene-butyl acrylate (ASA), methyl methacrylate-
acrylonitrile-butadiene-styrene (MABS), and methyl methacrylate-butadiene-styrene
(MBS), and acrylonitrile-ethylene-propylene-diene-styrene (AES).  Acrylonitrile-
butadiene-styrene graft copolymers are well known in the art and many are
commercially available, including, for example, the high-rubber acrylonitrile-

butadiene-styrene resins available from General Electric Company as BLENDEX®
grades 131, 336, 338, 360, and 415.

In another embodiment the impact modifier has a core-shell structure wherein the core

is an elastomeric polymer substrate and the shell is a rigid thermoplastic polymer that
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capi |l l'ary hydrodynam c c ronatography ( CHDF).

anudubt)bke siladitmettlecankopatse, anipey suich @b dodecyhdicstlad emyne dodecyl

cross-linked conjugated di at e
erfieear 8 e T ArERhG, SUBTSE ing Sudl t¥lenBEare Bimonty
usé®% sx‘ﬁf&@arﬁyhrt ambRiok polPinxtizatios, afd man quggtzedradseafeaﬁcanon

and C4-6 al kyl acrylate rubbers. In the preparation

andyps d@g@é@we@ﬁ nolmaa@qna@épdnv% lonig, éuléqteas?y ARete,cor phosphate
supRL I inBHARON S YarfiRTHE IrifchRiBHifek phidcBRAY ihcApstomeric
suhhtoant pofioh ®faho ihp86 muidifidrs. afRditable slunﬁm‘t@tsmehlidé,i foalkkample,
bout .75 to a 5 % of .t he el ast di fi
Cir atin B oy At b tbonntetr Gt N 35 Chte BT ifyss Ciao
alpﬁa&ea ghﬁkﬂh@&t&%f@dbﬁﬁsﬁwtaf afitatby)| B tHRY th@eof. A
pol ymeri zed by nass, enuIS|on suspensi on, solution or

SPeSfiB| Wé@CtBWolﬁeés%‘Sléas sRstsitteallp @8$1J31{5§h§?18?113te This emulsion
o0 B, BB B L Q458 s o
suoh eoapindel aeRdhm BhHasd asit@meral IEdml:ltrﬁa @dmgarzyf tinplod priaetice, any
ofqﬁg al?gvesj etscz:irllbrcleg 1mp¥ct moJx%iers may be used providing it is free of the alkali
metal salts of fatty acids, alkali metal carbonates, and other basic materials. A
specific impact modifier of this type is an MBS impact modifier wherein the
butadiene substrate is prepared using above-described sulfonates, sulfates, or

phosphates as surfactants. It is also preferred that the impact modifier have a pH of

about 3 to about 8, specifically about 4 to about 7.

Another specific type of elastomer-modified impact modifier composition comprises
structural units derived from: at least one silicone rubber monomer, a branched
acrylate rubber monomer having the formula H,C=C(R%C(O)OCH,CH,R¢, wherein
RYis hydrogen or a C,—Cjs linear or branched hydrocarbyl group and R® is a branched
" C3-Cy¢ hydrocarbyl group; a first graft link monomer; a polymerizable alkenyl-
containing organic material; and a second graft link monomer. The silicone rubber

monomer may comprise, for example, a cyclic siloxane, tetraalkoxysilane,
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pol yneri zation of a m xture conprising a
nmonovi nyl aromati ¢ nononer and optionally one or nore
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cry acrylo I'ene-styrene
prapyl awaﬂdty,lormmlhieacalphabemmwhﬁndmaeme styrene (MBS), and
cronnitriIe ethylene propylene di ene-styrene (AES).

TS SRS LB BREI P o Rfan, «

'(n@ét@dﬂt@m}e)aludagmdb QvinkRlkokxysimak.Cor dnhalylikdxysidneetlone or in
acrylonitril ebut adi ene- styrene resins available from

camehiBtion, Egc{gammaessiany layrrPERGERehyxyMstyisilang and/or (3-
5. d

B A T AR SRR B

pcdyntbylemcally unsaturated compound having at least one allyl group, such as allyl

methacrylate, triallyl cyanurate, or triallyl isocyanurate, alone or in combination.

The silicone-acrylate tmpact modifier compositions can be prepared by emulsion
polymerization, wherein, for example at least one silicone rubber monomer is reacted
with at least one first graft link monomer at a temperature from about 30°C to about
110°C to form a silicone rubber latex, in the presence of a surfactant such as
dodecylbenzenesulfonic  acid. Alternatively, a cyclic siloxane such as
cyclooctamethyltetrasiloxane and a tetracthoxyorthosilicate may be reacted with a first
graft link monomer such as (gamma-methacryloxypropyl)methyldimethoxysilane, to
afford silicone rubber having an average particle size from about 100 nanometers to
about 2 microns. At least one branched acrylate rubber monomer is then polymerized
with the silicone rubber particles, optionally in presence of a cross linking monomer,

such as allylmethacrylate in the presence of a free radical generating polymerization
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methyl methacrylate-styrene. These addltlonal thermoplastlc polymers may be present
in amounts of up to about 50 wt.%, specifically about 1 to about 35 wt.%, more

specifically about 10 to about 25 wt.%.

In addition to the foregoing components, the polycarbonate compositions further
comprise a phosphorus containing flame retardant, for example an organic phosphates

and/or an organic compound containing phosphorus-nitrogen bonds.

One type of exemplary organic phosphate is an aromatic phosphate of the formula
(GO);P=0, wherein each G is independently an alkyl, cycloalkyl, aryl, alkaryl, or
aralkyl group, provided that at least one G is an aromatic group. Two of the G groups

may be joined together to provide a cyclic group, for example, diphenyl
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about 3 to about 8, specifically about 4 to about 7.
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wherein each G' is independently a hydrocarbon having 1 to about 30 carbon atoms;
each G? is independently a hydrocarbon or hydrocarbonoxy having 1 to about 30
carbon atoms; each X is independently a bromine or chlorine; m 0 to 4, and nis 1 to
about 30. Examples of suitable di- or polyfunctional aromatic phosphorus-containing
compounds include resorcinol tetraphenyl diphosphate (RDP), the bis(diphenyl)
phosphate of hydroquinone and the bis(diphenyl) phosphate of bisphenol-A (BPADP),

respectively, their oligomeric and polymeric counterparts, and the like. Methods for
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pR! WYBEH @his definition is applied to the fire retardant it is based on the total
weight of the fire retardant. When this definition is applied to the thermoplastic
composition it is based on the total weight of polycarbonate, impact modifier and fire

retardant.

Optionally, inorganic flame retardants may also be used, for example sulfonate salts
such as potassium perfluorobutane sulfonate (Rimar salt) and potassium
diphenylsulfone sulfonate; salts formed by reacting for example an alkali metal or
alkaline earth metal (preferably lithium, sodium, potassium, magnesium, calcium and
barium salts) and an inorganic acid complex salt, for example, an oxo-anion, such as
alkali metal and alkaline-earth metal salts of carbonic acid, such as Na,COs, K,COs,

MgCO;, CaCOs;, BaCO; and BaCOs; or fluoro-anion complex such as LizAlF,,
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acrylonitrile based on the total weight of the copolymer.  Alternatively, the
fluoropolymer may be pre-blended in some manner with a second polymer, such as
for, example, an aromatic polycarbonate resin or a styrene-acrylonitrile resin as in, for
example, U.S. Pétent Nos. 5,521,230 and 4,579,906 to form an agglomerated material
for use as an anti-drip agent. Either method may be used to produce an encapsulated
fluoropolymer. Anti-drip agents are generally used in amounts of about 0.1 to ébout
1.4 parts by weight, based on 100 parts by weight of based on 100 parts by weight of

the total composition, exclusive of any filler.

In addition to the polycarbonate resin, the polycarbonate composition may include
various additives ordinarily incorporated in resin compositions of this type. Mixtures
of additives may be used. Such additives may be mixed at a suitable time during the

mixing of the components for forming the composition.
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inorganic fibers such as those derived from blends comprising at least one of

aluminum silicates, aluminum oxides, magnesium oxides, and calcium sulfate
hemihydrate or the like; natural fillers and reinforcements, such as wood flour
obtained by pulverizing wood, fibrous products such as cellulose, cotton, sisal, jute,
starch, cork flour, lignin, ground nut shells, corn, rice grain husks or the like;
reinforcing organic fibrous fillers formed from organic polymers capable of forming
fibers such as poly(ether ketone), polyimide, polybenzoxazole, poly(phenylene
sulfide), polyesters, polyethylene, aromatic polyamides, aromatic polyimides,
polyetherimides, polytetrafluoroethylene, acrylic resins, poly(vinyl alcohol) or the
like; as well as additional fillers and reinforcing agents such as mica, clay, feldspar,

flue dust, fillite, quartz, quartzite, perlite, tripoli, diatomaceous earth, carbon black, or
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p%jggliigi Ca{ Yz & kc’!1methglpgenytl)(i))hglsb L{t 0. Pnsp(%rnt(esd bym%%'o%n&’ di-
nonylphenyl)phosphite or the like; phosphonates such as dimethylbenzene
phosphonate or the like, phosphates such as trimethyl phosphate, or the like, or
combinations comprising at least one of the foregoing heat stabilizers. Heat
stabilizers are generally used in amounts of about 0.01 to about 0.5 parts by weight

based on 100 parts by weight of the total composition, excluding any filler.

Suitable antioxidants include, for example, organophosphites such as tris(nonyl
phenyl)phosphite, tris(2,4-di-t-butylphenyl)phosphite, bis(2,4-di-t-
butylphenyl)pentaerythritol diphosphite, distearyl pentaerythritol diphosphite or the
like; alkylated monophenols or polyphenols; alkylated reaction products of
polyphenols  with  dienes, such as tetrakis[methylene(3,5-di-tert-butyl-4-

hydroxyhydrocinnamate)] methane, or the like; butylated reaction products of para-
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Suitable plasticizers include, for example, phthalic acid esters such as dioctyl-4,5-
epoxy-hexahydrophthalate, tris-(octoxycarbonylethyl)isocyanurate, tristearin,
epoxidized soybean oil or the like, or combinations comprising at least one of the
foregoing plasticizers. Plasticizers are generally used in amounts of about 0.5 to about
3.0 parts by weight, based on 100 parts by weight of the total composition, excluding
any filler.

Suitable antistatic agents include, for example, glycerol monostearate, sodium stearyl
sulfonate, sodium dodecylbenzenesulfonate or the like, or combinations of the
foregoing antistatic agents. In one embodiment, carbon fibers, carbon nanofibers,
carbon nanotubes, carbon black, or any combination of the foregoing may be used in a

polymeric resin containing chemical antistatic agents to render the composition
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the total conposition, exclusive of any filler. In

addition to the pol ycarbonate resin, the polycarbonate
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i ncorporated in resin conpositions of this type.
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UV absorbers. UV absorbers are generally used in amounts of about 0.01 to about 3.0
parts by Weight, based on 100 parts by weight based on 100 parts by weight of
polycarbonate resin, impact modifier, polysiloxane-polycarbonate copolymer, and

phosphorus containing flame retardant.

Suitable lubricants include for example, fatty acid esters such as alkyl stearyl esters,
e.g., mefhyl stearate or the like; mixtures of methyl stearate and hydrophilic and
hydrophobic surfactants comprising polyethylene glycol polymers, polypropylene
glycol polymers, and copolymers thereof e.g., methyl stearate and polyethylene-
polypropylene glycol copolymers in a suitable solvent; or combinations comprising at

least one of the foregoing lubricants. Lubricants are generally used in amounts of
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carbostyryl dyes; porphyrin dyes; acridine dyes; anthraquinone dyes; arylmethane
dyes; azo dyes; diazonium dyes; nitro dyes; quinone imine dyes; tetrazolium dyes;
thiazole dyes; perylene dyes, perinone dyes; bis-benzoxazolylthiophene (BBOT); and
xanthene dyes; fluorophores such as anti- stokes shift dyes which absorb in the near
infrared wavelength and emit in the visible wavelength, or the like; luminescent dyes
such as 5-amino-9-diethylimi'nobenzo(a)phenoxazonium perchlorate; 7-amino-4-
methylcarbostyryl; 7-amino-4-methylcoumarin; 3-(2'-benzimidazolyl)-7-N,N-
diethylaminocoumarin; 3-(2'-benzothiazolyl)-7-diethylaminocoumarin; 2-(4-
biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole; 2-(4-biphenyl)-6-
phenylbenzoxazole-1,3; 2,5-Bis-(4-biphenylyl)-1,3,4-oxadiazole; 2,5-bis-(4-
biphenylyl)-oxazole; 4,4"-bis-(2-butyloctyloxy)-p-quaterphenyl; p-bis(o-methylstyryl)-
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qu@feqsﬂéﬁylll, i ke, phosahaéBs-suehheas);t ri met hY’Jetl@THh’ﬁﬁMtlﬁethy] 4-

or the Iike, or conbinations conprisin | east one
trifforoimstitybrosgering  hathydanainpidrridlugrompeshay ccgtr%m,u zeéilg  red;

I t t .
GG EIL TS QBT 6 2001 Ry 6 000 2
IRbhedipatmliheatieas; tdipenybxicddicten gte&mphehyllbhmdlenéiu i iapbihelene;
angl}gié(lwg%dant ¥ H&%&%ﬂ&h@qw) Sﬁ%g‘gqﬁl t ¢h orgeanoppu T r{]eI t ec%ronene'

phteﬁérﬁﬂrgné" oflithd hpé‘tdflo%mdtlbﬁg‘gﬁbh&ﬁg at least one of the foregoing
: s(2, 4- d|-tbutylphenyl) pent aerythritol diphosphite,

dyd$ s@s yte gmntaélerlystch nn aglountis g abphtald-& torabowieS ke by weight,

oo PP aRaReEay sdpybRaBREy F’hCl‘éAm o Fien s

t et raki s[ net hyl ene( 3, 5 d|-tert but yl - ’
Suiablecooydiyts aadladeq fat €ampie titainen d(Ux1deh enihirekﬁinones, perylenes,

butyl ated reacti on products of paracresol or .
PEHNENS) o plgﬁqrg]aqogﬁse %lle%nélngs, hygqnélhqﬁ‘?ﬁ on&%azines, oxazolines,

thg?/(%tﬁlé%@e at ffd; doiysod 'tlﬂaﬁmglolcﬁt h Rphthalimides, cyanines, xanthenes,

ne- bi'sphéenol s; benzyl conmpounds; esSters of
mébings,( 3, Jactpndaser t - bamnydring, hyusmmxequyl)hlpphﬂnﬁom ¢BBOT),

oGRS S PO O 0B P s

anmablbtids hblmwmjsmyp aemlnybs; dini chalikehal well as tceihbmaflons
t hi oal kyl or thigary nmpounds such as

coginsisengr 3f| 1t Ope Op .ﬂa?ngtr%%mrta Falorapist nioipFraE Yageaerally used in
antinftd St £ 995 AP SRR wAEhAHREY lon 100 parts by weight of the

total composition, excluding any filler.

Suitable blowing agents include for example, low boiling halohydrocarbons and those
that generate carbon dioxide; blowing agents that are solid at room temperature and
when heated to temperatures higher than their decomposition temperature, generate
gases such as nitrogen, carbon dioxide, ammonia gas, such as azodicarbonamide,
metal salts of azodicarbonamide, 4,4' oxybis(benzenesulfonylhydrazide), sodium
bicarbonate, ammonium carbonate, or the like, or combinations comprising at least
one of the foregoing blowing agents. Blowing agents are generally used in amounts of
about 1 to about 20 parts by weight, based on 100 parts by weight of the total

composition, excluding any filler.
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3-(3,5-di-tert-butyl -4-hydroxyphenyl ) propi onat e,
pentaerythrityl-tetrakis[3-(3,5-ditert-

whenogh4ehydr oxyphenyl ) propi onate or the |ike;Pemiszmss/035432
of beta-(3,5-di-tert-butyl-4- hydroxyphenyl)-propionic
acid or the |like, or conbinations conprising at | east

one of the foregojng antjoxi dapts. ti oxi dants ar.e
T heMRPIIEStisOmMOREHG Gt B SandBstirechby mepds pgwngn she art,

foPakiamply Wel gt ’enﬁ)@&%%np,n_i&OQné)%El;%qe?)’oﬂ\'eﬁr%@edﬁn%, t fifvdered
total ‘conposition, excluding any filler. Suitable

pdlyggHongteabsin,i inpast med fier polyfliorgasrsitgyare-pelaearbenatacapobner,

B Y

sthyidd ox yther MHIRE §rD% YH &is cied e epeed Qhixkhe Othde€lo@r shear processes
. conbi nati ons, conprising at | east one of the foregalng

inpluge Wit ot linitedsto hang HpixaneaBiay i ser accampligfehis Alanging.” The
' t t } S .

OBBFE A1 R S0, U o e e

orfeasi morei afplae tompatichisengy poingsipomtahmiptieyoapbsitian &y feeding

) l. h t.ai ni f tar dant .
Sy P ghe, PRt RRIRE BTl n iR SO v B e ARG Such
additi Vs @sdyell$o BEdInpsundeP ity b ydasRrbatch with a desired polymeric resin

epoxy- héxahydr opht hal at e,

andr fed ito shogyteusien ompe extdey iisernpeatlyraperated: 3tiastemarprapure higher

thih Tt %'egeesgarg?(y %gﬁ%@ e lcorgg?sgtlg'c% {o' hgw theceg(%kﬁ}@.tié %ediately
conprisrng at [east one e foregoing plasticizers.

qudnelsdd @i # eater daeh gadeehétizaed uskd pelicanoyntgaraf watoubtting the

0.5 to about 3,0 par b i ght,, .based on 100 pasts
ewdmwbe&neﬁﬁ%ﬂ‘? atc_éﬁ%%?fﬁg%?aﬁ idSﬂfe_%eﬁeF%a?lﬂfg Iy be Used for
subkddueht meidide@lapirdnbs Sbdldgc agents include, for

exanpl e, glycerol "nonostearate, sodium stearyl

sul fonate, sodi um dodecyl benzenesul fonate or the |ike
Agmotednibionat it ohsartipulat chelfeagisienlg ashieve ceasdllent Jame setardancy

BT i L AL st RRGIBE St
pdrfieuléofmeget sgenmly. bie has éden foand by the inventors hereof that flame
retardant compositions having good physical properties and excellent ﬂame retardance
in the absence of a brominated or chlorinated flame retardant are obtained by careful
balancing of the relative amounts of the above-described polycarbonates, impact
modifiers, polysiloxane-polycarbonate copolymers, and organic phosphorus-
containing flame retardants. In particular, in one embodiment, the thermoplastic
composition comprises about 20 to about 90 wt.% of the polycarbonate resin; about 1
to about 35 wt.% of the impact modifier (when present); about 0.5 to about 30 Wt.%
of the polysiloxane-polycarbonate copolymer; and about 0.1 to about 20 wt.% of an
organic phosphorus containing flame retarding agent, each based on the total
combined weight of the composition, excluding any filler or other additive. Amounts
outside of these ranges result in compositions that have one or more of decreased

flame retardance; i.e., increased flame out time (FOT) or decreased probability for

passing, and/or decreased time to drip.
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pol yneric resin containing chem cal antistatic agents
to render the conpositionelectrostatically

waelk@sioperst ve. Antistatic agents are general |y PEPUS2005/035432
anmounts of about 0.1 to about 3.0 parts by wei ght
based on 100 parts by wei ght the total conposition,
excluding any filler. Suitable nold rel easing agen
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enzoxazl no enzotriazo
au&ht30f3€\teej Ipalmidﬂ}dohipbylh))n phegade (V(BMSEEBS 5411L1ﬂame rating. A
Xy- 4-n- octXonybenzophenone YASORB, 531)
dl@grfrn Oé theoV%(AzldAt/Fcﬂ lowt ¥R, PMIRS PIOCEss3s 51w 1p lhmré 1y|1?umg an

augﬁ (eﬁf/elt %)hgﬁg%% ?59 %19%“-6 égn zio xaz |nn]a}@€%tr? g jgm%g ASCRB UV-

3638 1, 3-
A pitedt @.’é fivg additiona smcph@n?ys albewedoynden ggrjain condiiaifs apugyng to

o MO oy 0'3115% ) tgate_?lensxn%g % | 0%{%% ;T&% '{{F]&,H;Xt %Bﬁ@@?&%n@%ﬁ%&'a pass

rat11|i>g3n8pé§<ﬁﬂ¢dlll-y4t}ﬁ:@@):ond1tlons are: a single burn t1me exceeds the maximum

ano 3, 3-dj phenyl acryl o
bunz tlgieb\iai:{ ]O seconds; Vp % 30 sgéonc){s), or d lum of individual burn

it %38 @redter Tl@ngﬂ@%kﬁrﬁfrﬁ{ k@ Mll)u%ﬁﬂn@%ﬂb\x/%& Py @8 €econds; V-1, V-2

nano-si ze I norganic materials such as titani um oxi de,
250esecams paidde Jesa trhn 2 nquad)ko the maditnumg; rbh:stptataﬂ beindins¢ yalue (V-

Ss t b ters or_the
0 ég ﬁéﬁ‘s h%q% Ss“% Or aiigle 8%“"8?“ ’hhléblfs ‘gr‘epd’ fg,gpring
thy{ésabsor bers. UV absor bers are generally used in
anmounts of about 0.01 to about 3.0 parts by wei ght
based on 100 parts. by wei ght based on, 100 parts
Whgieghsingle sRSFpear doh QPWé§PWPO$IHﬁ%J%ﬂdeF?t&HY St of these

coR@hivat, | X REE R YGRI PR RCiRRRO | VA8 ved 2Tle polymer composition

may pass the flame test on a retest; the requirements listed in Table 1 are applied to
retest data. If a single specimen or the set of specimens fails to meet more than one

condition, no retest is allowed and a first submittal failure occurs.
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phosphorus containing flanme retardant. Suitable
| ubricants include for exanple, fatty acid esters such
w@sooalokyb2 st earyl esters, e.g., nethyl stearatBCDUS1008035432
i ke; mxtures of nethyl stearate and hydrophilic and
hydr ophobi ¢ surfactants conprising pol yethyl ene glyco
z@ Iﬁners, pol ypr opyl ene gl ycol polyners, and
T g% | ymers thereof e.g., methyl stearate and
pol yet hyl enepol ypropyl ene gl ycol copolyners in a

sui tabl e sol vent; oversedtHIAE CRRSRE {eptsng at | east
one of the foregoing lubricants. Lubricants are

generally used | ampunts ofabout 0.1 to about 5 parts

by wei ght, based |0¥VtB0 parts by94¥ilght of the [tH¥Va?
conposition excluding any filler. Suitable pignments

lnhil\llﬁ,d' Ldpe bT etxr‘ﬂélpll%, rorganic 3 METITS SUC a3 3[68[ at
oX1 0es gﬂ [ [ [

d |nmetal oxi des such as zi nc oxi de
ﬁmmkﬁnlun1d|OX|des, iron oxides pr the |ike; sulfldes
such as zinc sulfides or the I ke; al um nates;| sodium

ell!fn cili o~ (\|||F'\ oac and ohnt oc

T‘E}F]acil’é’ zﬁh‘Be’f ersr i es; ul tramar bl ue:- Pi gmer(t2>8r own

(54pecief®ny Red 101 | Pigment Yellow 119; organic
pigments such as jazos, di-azos, | quinacridones,
peryl enes, naphthal ene tetracarbpoxylic acids,

Gh*@N%nthﬂUﬁEs isgaithdol i nones, |60 60
Blra, i.s0i ndol i nones, ant hyaqui nones,
On Yﬂ%ﬁt %%ﬁe diloxazi nes, phthpl ocyani nes, and azo
Iakes, qunent Bllue 60, Pignent| Red 122, Pignent Red

D DartRilgniat igted | ING, Pi gnent ReNOL79, Pignent |REES
202, Pignment Violjet 29, Pignent|Blue 15, Pignent G een

COfONpj gent Yel | oW 147 and Pigmeht Yel low 150, dr
conbi nations conpgrising at | eastf one of the forlegoing

pi gnents. Pignents are generally used in anpbunis of

about 1 to about 10 parts by weight, based on 100

parts by wei ght based on 100 parts by wei ght of the
Becsvadl thecnepessivenasa of driding dinnapdgingre fexiremely Sarbadile Fellew-up

SGRELL B ik Olor SHATRaPor PLARRY G Y G LE MRS SETRbfital, the
sekcamd banifdpecioreps es(&stedmxdctd)casr bdirsased  Five specimens are tested
initially, with five additional specimens retested if the conditions are met under which
a retest is allowed (described above). The polymer composition may pass the flame
test on a second submittal, either on testing the initial five specimens or on a retest.

The requirements listed in Table 1 are applied to second submittal data.

Therefore, the data obtained from the UL-94 flame test may be in the form of burn
times for first and possibly second applications of a flame to a single specimen, for
first submission specimens tested initially and retested, and for second submission
specimens tested initially and retested. Data relating to dripping of the various
specimens may also be considered. A statistical analysis of data obtained from a
flame tests on a number of samples (e.g., 20 or more) can be used to determine the
probability of at least one pbssib]e outcome of the UL test regimen. Possible
outcomes include a first submittal pass, including first time pass and retest, and a
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substituted hydrocarbon dyes; polycyclic aromatic

hydr ocar bons; scintillation dyes (preferably oxazol es
war@eoxedt azol es); aryl- or heteroaryl -substi t B BUSHOS/§35432

(2-8 ol efins); carbocyani ne dyes; phthal ocyani ne dyes

and pignents; oxazine dyes; carbostyryl dyes
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préWa%ﬁlty QNRAQ dnmoﬂﬁ:oﬂi\éeﬁrefér%w azpkd fHe @b{ﬁson 4 RrsRZ@rBission,
dyes;  peryl ene dyes, perinone’ dyes;
pr@vléesloenmcmm lof | thér flﬂmﬁem@tar(dmpf thih dpokamr heanepasitiog; while
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enzot'hi azol.yl)-7-di et hyl am nocounmari n; 2-(4-

: ordmph elnylldme);a@e(Mgarnbmmq/tih@nny)e Ibggitamm{ bl b time may then
bt P Gl ARG RO 6 SR bt gog i prfiynpa as o

méteHoemyl (‘}ﬁht}rb@?i@i of ealues associated with burn time is thereby provided, as
4, 4" -bi s-(2-butyl oct ony p- quat er hen¥
shpwgpg (F@gq;@@hﬁagrf gptwcg) §2@W e normal a)ell -shaped) distribution curve
éb@eﬁﬂkf PR Al 1
beg ‘%l g@&;\%}é o g{l]lzx%sﬁ{%%q PR ARG POl PRt Fpically clustered in
therspdey beldw( ;hledna'xmhhlyll iadivivpet jurp|time? Hl“lpxytrarsfomed data, however,
r bocyani ne .i odi
maeglosgly AR s ED RO SoEH P LGy ani ne
i odi de; 7-diethylam no-4- nethyl coumari n;
Tﬂe‘ ﬂbBﬁUib{ﬂy&fﬂ d'Pirsétitrel Paksioh @rf&&thsdbﬁﬁssiﬁif (pF;TP) may be determined
-di net hyl -.pquate f henyl; 2,2-dinethyl-p-te f
acra%rﬁgng to thesfoRypidini no- 6- net hyl - 4-
trlfluoronethylcounarln

| am no- 4pt rifluo hyl coupari n; n|Ie red;
rhod HHe 783" 8x'5‘2| &%E r"]ﬁbég‘anf‘rﬁé’ IR 125; IR

144; IR 140; IR 132; IR 26; |IR5; dlphenylhexatriene
whdr @%Q}{gt bug ?sdﬂhe gﬁebabﬁ&y A0 a8 R gl iienesx ot Mak@n® burn

ant hracene; di phenyl ant hr acene; pyrene; chrysene
tirhél bﬁlaae)mg,gr,pﬁl &nhe prbabiting thaemeseosnd ke tinkesexcedds a maximum

conbi nati ons conprising at |east one of the foregoing
burn time value, Pigal<=mit 1S the probability that the sum of the burn times is less

than or equal to a maximum total burn time value, and Py, 1= is the probability that

no specimen exhibits dripping during the flame test. First and second burn time refer

to burn times after a first and second application of the flame, respectively.

The probability that no first burn time exceeds a maximum burn time value, Pyj>mu,

n=0, may be determined from the formula:

5
Pt1>mbt, n=0 =(1-Pt1>mby)
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dyes. Dyes are generally used in anpbunts of about 0.1
to about 5 parts by weight, based on 100 parts by

wowdoglot17eéf t he total conposition, excluding angct/iubi0es/035432
Sui tabl e col orants include, for exanple titanium
di oxi de, ant hraqui nones, peryl enes, perinones,

i ndant hrones, qui nacri dones, xanthenes, oxazi nes,
whsra Fol-inmei§ , the i esxantiendifelog neraiay siitbution; girvelifeyollggbt, and

apht hal i m des, ani nes ant hene t hi nes,
PGB poRE e QW DRSgtREGRETE st ophene (BBom) |
napt hal enet et racar boxylic derivatives, nobnoazo and
Tieh %8B 4bi ity gha moSecdnidi by tine teR a¢eds a naaximokeiuom dfe value may be
bi s(styryl)bi phenyl derivatives, and the |like, as well
deserminsddfi o thedREMe8hpri sing at | east one of the
foregoing colorants. Colorants are generally used in
pamunt s pp anpt 0.1 to about 5 parts by weight, based
TR ROLV) é P&"%y wei ght of the total conposition
excluding any filler. Suitable blow ng agents include
whQE PEXANMY the drevul®r lthd Boifil abyibRieardapRsfor E-rhit0SSs above,
t hat generate carbon di oxi de; blowi ng agents that are
the ohdad antl stoward éevpaioat afr the dnch thendaiee sdt ede used to calculate the

te ratur.es high than. their. deconpositi.on ) )
oD RIER chbfertar gLl Vi AREE TR SU SR tgp gise is 10
sedbsi Ger a INTBAVY Blfg tHeUGkkidsnPZeH ieR iD90asdodes. et al
salts of azodi carbonam de, 4, 4'

oxybi s(benzenesul f onyl hydr azi de) , sodi um bi carbonate,
Thaprobatuhtydarh endha nogpegimen fekikibits dripribgrdvnng the fleme test is an

C rising at.least one of the foregoing bl ow ng
mggﬁﬁi 9“E§bﬁﬂﬁﬁ§§g@%ts are generally used in anobunts

of about 1 to about 20 parts by weight, based on 100
(lgad{it)sﬁ by wei ght of the total conposition, excluding

any"filler.The thernopl astic conpositions can be

manuf act ured by nethods known in the art, for exanple
whéte P}, € tHeaminiten bf bdrithanéripreenrimbef ofbacesding,

powdered pol ycarbonate resin, inpact nodifier,

pol ydi or ganosi | oxane- pol ycar bonat e copol yner, and/or
Thot h@babbt}i Bﬂak=na@mmnbmsm arfgh¢ buey tipkse frdkess than or equal to a
mg)Pitrrxlu?nn ?oltz!dybu\{'Mn 1’;i1|F1]1ec:vha?li:zepr(li‘lgy gl: %gtsérmined from a normal distribution curve
of simulated 5-bar total burn times. The distribution may be generated from a Monte
Carlo simulation of 1000 sets of five bars using the distribution for the burn time data
determined above. Techniques for Monte Carlo simulation are well known in the art.

A normal distribution curve for 5-bar total burn times may be generated using the
mean and standard deviation of the simulated 1000 sets. Therefore, Piotaj<=mtbt may be

determined from the area under a log normal distribution curve of a set of 1000 Monte
Carlo simulated 5-bar total burn time for total<=maximum total burn time. For the
UL-94 V-0 rating, the maximum total burn time is 50 seconds. For a V-1 or V-2

rating, the maximum total burn time is 250 seconds.
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strands or other filler in a Henschel high speed
m xer. Other | ow shear processes including but not
wo 2ovbh€edez o hand m xi ng may al so acconpl i sh t hPGI/US2005/035432
bl ending. The blend is then fed into the throat of a
tw n-screw extruder via a hopper. Alternatively, one

or e of . the ¢ onents na e incorporat.ed into the
GO0 PRt R Betineonredit B AoGHR ELRE el iR 10
sekbilst bptaallanaiion peebaBBity 6amrdt hinedigiks ApBTRIRSS uif legst.0.85, the
Such additives may al so be conpounded Into a
absgracef B dremingfediand/og ekiprinaied Haperstardaitesi n and fed
into the extruder. The extruder is generally operated

In?ﬁillaothgﬂmﬁﬁﬁfih‘l’éﬁts,hé ?P%\%&gﬁ[}ﬁ@cg a8 &%{ﬂ?%ﬁ a5y daf cﬁﬁygﬁi}g the

e conposition to trudate i s 'medi a
caumsitioa dhdsna anotettedr 1zbdtiotpactnstrgnett ef i at ddast Tdbeup 8l Eitlb/inch

aG P EE o R S A aiB ol e STk prgaply, greater

thARYbde 5 6SRtb/neh, &&bsRadLNan BPEgtiaNth abd0e® ROB/indH.
formng. As noted above, it is particularly

chal | enging to achi eve excellent flane retardanc
ARmple GoBPORIHPR o8 despribed bereindyvinga thickness ol 8-5§H91séclé)l%) may

aoﬂ(&@%ﬁﬁiﬁ@ﬁ FQ‘?\W&BE GO HROMsE R ¥ a hrBmRitdd S/} hISFABRA flame
strength. Tt has Been found by the inventors fer eo
retandent.f Innotber ablardadiaents,commpes glith amsh Bd8imgp) ¢odth) pay sorgaiising

roperti.es.and excellent .flane retardance jn th .
B SRoutER 12 5 Sl 200 SRS FR Ao sroshBblig dshineh
dedérehi Al ifiaDESHddMte GaATHEA SITMDBD F& irbém édmpdiguree] at i ve

anounts of the above-descri bed pol ycarbonates, i npact

nodi fi ers, polysil oxane-pol ycarbonate copol yners, and
Inggnethisr embRdupaTérthe degmapiastigcempnsitianeeapritsst gboyt 0 to about
S5 5P onge SThebanctp A L161900H 8 i
mpr thearbendt efrtbsipo]ysadront-pdlycarbabae tcopslymier,%.9f abde 10 to

[ t difj.er &\Aﬁﬂen resent%l; about 0,5 1 ﬁgé)ocr) 30 .
ot 33 ot naPST Mo RaResEr ey Beeiiss 280y yhdro! agpgeanic
piRBAkrud ednthifinabPitle Alarting%oeft, 83 AHEANE € PHIRPHOBAEd on the

containing flame retarding agent, each based on the
totadtg@mbined weight of the composition, excluding any filler. These amounts
provide optimal flame retardance, together with good notched 1zod impact strength at
ambient temperature; good notched 1zod impact strength at low temperature; and/or
good heat deflection temperature. In addition, these amounts provide compositions
that meet UL94 5VB, V0/V1 test requiremehts and that meet other criteria such as
minimum time to drip, as described herein. Relative amounts of each component and
their respective composition may be determined by methods known to those of
ordinary skill in the art, for example, proton nuclear magnetic resonance spectroscopy

(‘"H NMR), "*C NMR, X-ray fluorescence, high resolution mass spectroscopy, Fourier

transform infrared spectroscopy, gas chromatography-mass spectroscopy, and the like.

In one embodiment, the thermoplastic compositions are of particular utility in the
manufacture flame retardant articles that pass the UL94 vertical burn tests, in

particular the UL94 5VB standard. In the UL94 vertical burn test, a flame is applied
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conbi ned wei ght of the conposition, excluding any
filler or other additive. Anpbunts outside of these

WO 2amgesi76esult in conpositions that have one oPCTIOS®076035432
decreased flame retardance; i.e., increased flane out
time (FOT) or decreased probabi lity for passing,
and/ ar

R T EU DD 53! TFGRERUR RN P ST RBUPHy Lo actieve a
raklhg %'1“99@5 lef‘mr% AubiBtéPwAhP 60RecdPDaf@r Bve applRaliBis Hame
. achieve a UL94 5VB rating in the

toaéb@ﬁ'@hba;, aid theby cani brane dripnhthabignih ths padat ¥arigysggmgbodiments of
retardat n so f the
R RE I hns dee R ThoRP ARLITRE R 0a SVIRIRIGEL (0 ) o

10%to O. 1 nm 10% when exposed to an open fl ane, has
Thmfeirﬁﬂes preberit ianardduldrachallérparnn 3 BecBhestsj bechtie compositions

ence of a romn ed and/ or chlori nat
sw@ blcr s e mOEICOHAOT PR RIS LGP BTG ECFdM i {bemoplastc

IR shi®shI PRI IR MBnFaflBlel T4 \«Can@%ftart?glese\)éﬁf %’enerally have a
po ymer conposition or grade whi bears a UL Tl ane

miehtviohgne rted(MgRyof afout Aeo hlb.oxAGﬂlgf VOﬁoidumﬂ-mms@ed at 26 C/2.16

process. i s shown_j [ e 1. .During an.au ve, .
kg Héé?‘i‘?é‘??é‘c%f”"g‘ SW%TEH 9&@%&13’1&1 " i@ dfiggvall wpflcations,
tHeerRaHay beAdpRidsh Btardd t‘%@n aslslitts] %F@éra&@%bz{f&nﬁah Sbout 10,

under certain conditions annuntlng to a near

mmres pre‘ferhlbiatgreaser thais iahgitel 3sp@0imipntedomsasnotd ate20°€/2.16 kg in
single re or a pass rating. Specifically,

agR| C%Wﬁgﬁéﬂ@;pé a single burn time exceeds the

maxi mum burn tinme value (V-O 10 seconds; V-1, V-2, 30

MRRCOREtDYity Ofand sUvRdef ah nditthalual iRgicatidn Niswi S Fheaioplastic
than the maximumtotal burn tinme allowed (V-O, 50

campasiis ay-descrihed haenswiabladyr Sedmpguipgyte et thin grticles may
h%)v% %gletl 0 1%%03 rraxbgbuqlli ;(506 %‘g 'toqia%loup B'§ tala&ﬁ é’(ﬁ)l yz?scegl second,

sec second

nieRfEed RN acsRiaatd Svitdhr ISEPI nes3dulni §vgnd Bxﬂb@cﬁﬁientsW‘r&r &nipositions
sin Ie speci nen of a polyner conposition fails to nmeet
meahihg 2 critgggB- conditions, a retest of a second set

of speC| mens is all owed. The pol ynmer conposition

Flame retardance of the samples is excellent. It has been found that in one
embodiment, samples having a thicknesses of 1.2 and 2.0 mm (+ 10%) pass the UL94
5VB standard. In addition, samples having thicknesses of 1.2 mm or 1.5 mm perform

well in a time to drip test.

The thermoplastic compositions may further have a heat deflection temperature
(HDT) about 65°C to about 110°C, specifically about 70°C to about 105°C, measured
according to ISO 75/Ae at 1.8 MPa using 4 mm (+ 3%) thick testing bar.

The thermoplastic compositions may further have a Notched lzod Impact (NII)
strength of about 3 to about 18 ft-1b/inch, or about 3 to about 14 ft-Ib/inch, measured
at room temperature using 1/8-inch (3.18 mm) (+ 3%) bars in accordance with ASTM
D256.
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may pass the flanme test on a retest; the requirenents
listed in Table 1 are applied to retest data. If a
wa@emglel7epeci men or the set of specinens fail sSPCDUREES/035432
nore than one condition, no retest is allowed and a
first submttal failure occurs.Table 1 Vertical Flane
a r.e e f failin
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hehe&St f j: e
SHERES S, of SN GHA " nf i ARHon I Dosions ar
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blabh@lding@asd m@ﬁhéfﬁﬂnfhg t6 EsraNAHiSID SachiA! fod @k Anple, computer and
Therefore, the data obtained fromthe UL-94 f ?ams test
brEpess aachine heusipgsiush aphpupingsfesmpnitors,hasd heldtlectronic device
p f
PSRSSALN SRR AZBHERLAONS, BLeell et B2yl onens o
lighting afbdtlyreandmaeteest Meam@pﬁmcesemﬁsj giebiAohiSésP Nsun  rooms,

ecinens tested initi tested. Data relatin
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froma flame tests on a nunber of sanple
ofras W e AbME Ouk eun,t &S demel § man, tOhé (brrmbédhom tnjzh(xafm@t-lr 10%).

f
TGP AR R R i BTt o

aftieids wdtrl’pgsﬁlgrasmlrhmﬁm wal$ shickadss 6f &sfut 3anE @9e%084d., about 0.1
subm ttal pass, BCl uding first tinme pass and ret est, -

MR &0 fbQUE g 1B, §Re 2BPWHabh MM {3 abgut Zmineaisabogh 2gumdembout 1.8
it ef %&le}ﬁe@ﬁédlfysﬁbédt% 9@1‘?%0 b 174 \[an; m%&% to about
ance

provi des a neasure of the flane reta
l@anyer conposition, whil e mnimzing the variability
i nherent in flame testi ng, particularly the UL-94
Th data_nay. ranst.orped prior .use in
tﬁyes?natplgg%xﬁxggllg in }éelﬁllg ?%81&% the 1%?1 Wllong non- flmltmg examples.
The following components were used:
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NcendX P-30

In particular embodiments, the components shown in Table 2 (parts by weight) and, in

addition, 0.5 wt.% of a mold release agent and 0.25 wt.% of a combination of an

antioxidant and a light stabilizer, were blended to yield sample compositions in a

Werner & Pfleiderer co-rotating twin screw extruder (25 millimeter screw) using a

melt temperature range of about 260-280°C,

and subsequently

molded at a

temperature of 244°C for impact and heat distortion temperature testing according to

ASTM standards 256 and 648 respectively on a Van Dorn 85HT injection molding

machine. Bars for flame testing were injection molded at a temperature of 244°C on a

Husky injection molding machine.
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determned fromthe fornula: where Pt2>nbt is the area

under the nornmal distribution curve for t2>nbt. As
wabwém4176he nean and standard devi ati on of theP®LIU005/035432

tinme data set are used to cal cul ate the nornmal

di stribution curve. For the UL-94 V-Orating, the

X mum b t 10
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| ue may be determ ned from a nornal

el&?@?ﬁ’?ﬁﬂf Yon curve of sinmulated 5-bar total burn
times. The distribution may be generated froma Mnte

VQarth @ samfld glhdedsoqhat AN S SIS is0f30f degfech &S fhe %hfégtﬂellﬁnod of
distribution for the burn ti me data determ ned above.

flgpugnavssneldenag atierceamaying the weniting Hame Woks nkheoxweed ten
séc@n&sh dofhk - veﬁlcgﬁﬂ'/ ﬁ?ce@ 'seﬂlg}éleg) ugg 88’ ¥ S oﬁ [)uén %ﬁ}r)aé‘tﬁ(aes that

t ot al urntlrres usi n
ignite absoribntdeatiost i on of the sinmulated 1000 sets.
Theref ore, Ptotai <=ntbt mav be deterrrinedfromthe

d rmal, distrib i curv et of
VI008 apiible dagefl So QiR do G 5o fn P Hemibe e geriod of
flaaingl ﬁﬂl’ﬂi@rﬂﬂl&ﬁr{r@t dfter REhBvihg TRe idning NEnldo@&Andf Qceed thirty
ratin the maximumtotal burn tine 1s 50 seconds. For

segORAs) al@rthvvzrtwakly Rlpced panplasprodwess ve drippaf hummmpartscles that

éﬁga&% fSstlop particul ar enbodi ments, the conposition
me out time of less than 10 seconds,

optionally with a probability of first tine pass
V@plirrla)sampleaplaw@wtth& l%l,ong Iamsabé&fmdegreés ta the¢ Aambathe dverage
%/ Sof f r|¥1|1r(1:)gr Iarrﬁ%re %mfoll ermg aq%er removmg the igniting flame does not
exceed twenty-five seconds, but the vertically placed samples produce drips of
burning particles that ignite cotton. Five bar flame out time is the sum of the flame

out time for five bars, each lit twice for a maximum flame out time of 250 seconds.

5VB: a flame is applied to a vertically fastened, 5-inch (127 mm) by 0.5-inch (12.7
mm) test bar of a given thickness above a dry, absorbent cotton pad located 12 inches
(305 mm) below the bar. The thickness of the test bar is determined by calipers with
0.1 mm accuracy. The flame is a 5-inch (127 mm) flame with an inner blue cone of
1.58 inches (40 mm). The flame is applied to the test bar for 5 seconds so that the tip
of the blue cone touches the lower corner of the specimen. The flame is then removed
for 5 seconds. Application and removal of the flame is repeated for until the specimen
has had five applications of the same flame. After the fifth application of the flame is
removed, a timer (T-0) is started and the time that the specimen continues to flame
(after-flame time), as well as any time the specimen continues to glow after the after-

flame goes out (after-glow time), is measured by stopping T-0 when the after-flame
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In still other enbodi ments, a one-eighth inch (3.1 8

mm (+ 3% bar conprising the conposition has a
woedehedel zod | npact strength of at | east abouPCBUS2005/035432

ft-1b/inch determ ned in accordance with ASTM D256 at

room t enper at ure, optionally greater t han about 5.6

s BT & sl bR 5 B D R S s

ThawoRtiedt fftetkpss and aﬁeﬁg]ﬁm (Hhell(ﬂ%t PR Yesd CtRA@\We Qual to 60
UuL94 5VA ratln in the absence of a brom nated and/ or _
seaendy #fieaifeg apphsatiopephi Hame to priesh DAk And HiserIMar e @10 daips that

igHite thd S8R rPaEC hl"}{e?tes"t%s E@ggat(fd' oﬁ"@@?xﬂka?ﬁ’ﬁ%@b&bﬁgsd} ngt{lere i1sa
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h ASTM h |
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i BRUSecdRl k& SP9Upedfhetd mﬁ’spf:oﬁlﬁl?‘y Wih XH@F&]‘QH@&%{S 88 dder for

about 2 to about 15 wt.% of the inpact nodifier; nore
matesial B the gixep thieknesyiolaghicve therfd Brethydaed. bonat e
copol ynmer, e.g., about 10 to about 25 wt.

Tﬁ]é itcpa :I Yhe ttujﬂgl%cg ggEQ§ HEtex%‘m?@ %RE%H §/ rré)% r?% removmg a

an organic orus con
ﬂa@eras descriped fabibhietsS VB test ﬁﬁcMse@(wtlvbésswomhlrﬂérealb Odirﬂil the first

drpp n’?é&?&}ﬁ&gh@q{g&é Qaerpfﬁg\) SI tdi&p qpérea)c(:?e:rlgg‘é g? 55 seconds (s) or
gfelcRhAPMER foltrAB (Bt Wéll SRR @tHEQHé‘sn%Q ch%ggehm%ﬁch as SVB

strength at anbient tenperature; good notched |zod
rdtiggaict strength at |ow tenperature; and/or good heat
defl ection tenperature. In addition, these anounts

FRIRVIHS 4 GRIROR %]Ec? Eﬁ?lmﬁt ?ﬁ@%ul%’c?n‘]’o? \4?6 a%%ﬁ:ehﬂgnqg out time,

requi renents an er criteria s
standardlndnvﬂatmre of ahélifiame @g tilagcas thedotad maiiber € |daipb,vend using

SGUBBLPEEH Fosprsen gt dbin cuPisycien RLAE AW ! first time

pAsRO8E “pFTIOT dhArad }Sal%léhlla} shiflpfeN@ribiatiod Aoufk 3BMER 3 VO “pass”
prot on nuclear magnetic resonance spectroscopy (1H

ratRR)n thegon xgrdony- Wa% festing elstbars.e Prefiérghly pEI8| willi beras-close to
1 q@?)&sﬁﬁg Ght Q;a%%ﬁg ‘grea %LlJ rt}lla%rO 9 and more preferably greater than 0.95, for

maximum flame-retardant performance in UL testing. A pFTP of 0.85 or greater is

deemed to be successful.
HDT was determined using a 4 mm thick (+ 10%) bar per ISO 75/Ae at 1.8 MPa.
MVR was determined at 260°C using a 2.16 kilogram load per ASTM D1238.

NII was determined on one-eighth inch (3.18 mm) bars per ASTM D256 at room
temperature (23°C).

Table 3 shows the UL94 flame performance using the vertical burning 5VB
procedure, time to drip, and V-0/V-1 procedure for bars of various diameters. The

5VB data represent the average of the flame out times for each of ten bars for each
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transforminfrared spectroscopy, gas

chr omat ogr aphy- mass spectroscopy, and the like. In one
wepdedirment , the thernopl astic conpositions arecDiS2005/035432

particular utility in the manufacture flame retardant

articles that pass the UL94 verti cal burn tests, in

SR e 1A, B S L G o

tHe€&1- 1 2RE PIOTE Bf Phisie 20 FadIee GutainGO R lmehte@ﬂdrabTm for V0 and
achieve a rating of 5VB, burni n% must
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Vd dewh s averagsr frgm yealg 9p| sagh of Gkentyba for @m«‘g aampép @@smosmon

ol SRR E AR et B O Rt AL sy of first
timempasy)). neet the UL94 5VB standard. Thin articles
present a particular challenge in the UL 94 tests,
because conpositions suitable for the manufacture of
thin articles tend to have a higher flow

Ther nopl astic conpositions suitable for the

manuf acture of a variety of articles will generally
have a nelt volune rate (MVR) of about 4 to about 30
g/ 10 m nutes neasured at 260C/ 2. 16 kg in accordance
with ASTM D 238. Wthin this range, for thin wall
applications, the MVR nay be adjusted to greater than
about 8, preferably greater than about 10, nore
preferably greater than about 13 g/ 10 m nutes,
nmeasured at 260C/ 2.16 kg in accordance with ASTM D123
8. Melt viscosity can provide an alternative

i ndication flow. Thernoplastic conpositions as

descri bed herein suitable for the manufacture of thin
articles may have a nelt viscosity at 260C/ 1500 sec 1
of about 50 to about 500 Pascal -second, neasured in
accordance with 1SO 11443. In sone enbodi nents, the
conpositions nmeet the UL V2 criterion. Flane
retardance of the sanples is excellent. It has been
found that in one enbodi nent, sanples having a

t hi cknesses of 1.2 and 2.0 mm (+ 10% pass the UL94
5VB standard. In addition, sanples having thicknesses
of 1.2 mmor 1.5 mm perform
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wel |

inatinm to drip test.
conpositions may further
wo ewpesdasur e (HDT) about 65C to about 110C,

The thernopl astic
have a heat defl ection

specifically about 700C to about 105C, neasured
according to SO 75/ Ae at 1.8 MPa using 4 mm (+ 3%

thick testing bar.

PCT/US2005/035432
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mm or,

nore specifically,

or about 0.8 mmto about 1.2 nm The present

wo soobist7ber il lustrated by the foll owi hg non- | PET/USI0QG5/035432
The foll ow ng components were used: Table 2
t he conponents shown in

exanpl es.
In particul ar enbodi nents,

Table 2 (parts by weight) and,
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in addition,
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flam ng and/or snoldering after renoving the igniting
flame does not exceed thirty seconds and the

particles
sanmpl e pla

t hat
ced so that

V2:

In a

woeobioerabi y pl aced sanpl e produces no drips of POIUSI0NE 035432
i gni te absorbent cotton.
its long axis is 180 degrees to
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then a second set of 5 specinens are tested in the
sane fashion. Al of the specinens in the second set
w@b006/0806exi nens nust conply with the requi r emrePCBUSI005/035432

order for material in the given thickness to achieve

the 5VB standard. Time to drip: The tine to drip is
determ ned by alternately applying and renoving a

flane as described for the 5VB test in consecutive
5-second intervals, until the first drip of materi al
azlls fromthelbar.| A tijme to drijp characteristic of
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eviation [of the flame qut tine, jas the total nunber
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hat ddta I a|pred| ttian of [the |probability of first
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ormul ati o, woul d achievye a YO "pass” |ratijpg in the
onventi ongll ULg4 testing of |5 bars. Preferably pFTP
ill Be as/?log® toll ad 'possible ' fon ‘'exanpl e greater
han 0.9 and nmogre pfeferiabl y|greater than 0.95, for
axi mum f | gje- gt ar dant jperformance in UL festing. A
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the PC-1 and PC-2 of Table 2. Flane out tinme (FQOT)
indicated in Table 3 for VOand VI tests is average

wo e@adr7snl s on each of twenty bars for each seempig§2005/035432
conposition, and the probability of each sanple
passing on the first test (pFTP (probability of first

' O CY 148228 Tabl e,.308 808CY .1482
T, B 8P ebie dfﬁ@éva‘fﬁgﬁ%goéfag%g scpbRr ReRL e different
péﬂf(ﬁlﬁlaﬁl&/@stanﬁélr@§ thriflighr diffPertira propésidnsT 6Pingredients. For
Time-to-drip £>55 s required)The data of Table 3

exaie STeviaY ot Breplsdd P?@N@ngi&s&}el tum@l thdrp st gidrisethat adequate
pgrlf&{wﬁ'h@@ aPBE aChid 956‘51% kOU&E é#]}fz fael{‘x%%tr proportion,
(0] n S. é)

ranges o proportlons ngre
egeView lobvt. Vhet tHat@npesitiom, polggldxand- belytarmmalt@ccﬂibl}mdr&ﬁth the

sho ade uat for nce can be_ achiev in
SRR SRR W ARD NIy o BplS dr B0 Bt gnereased
algo§nt§ of TSWiN d6 abt ltegtPtOCzQﬁBﬁ’zﬁé E)E:r%‘nmance of thinner samples. ?he data

si | oxane- pol ycar bonate copolyner with the use o
%lntﬁ slmJMSphta‘dg\rqr,u that gorgAiNne 4o depumefnommcbﬁos ammlesthmner

d i ncreased unt s of do not |e
ﬂfa‘a 2Bt e PRAnRE TarCTRE nir CL RN rE nplforane-
poifycaFadate &@B@N‘&,m e eedositioRatFigeed rE:prB&ntsothg rdsRlts of Table
per f.ormance for npl es, thinner than 2 nm ca

be
3 30 (i e b Pri ﬁ%mplﬁaumglpgﬁ@atl@r -3 6B Hapast modifier, 10 wt.%
BPAIDIS blllcp)fa\p@%ojfgﬁﬁr Reat 8vePR 1XQ%Ee'§1nﬁrb%xamet?r s]agmlees, and

conposition. Figure 3 represents-t results o

si®wsn at gensrallggdirett forrekénpl ‘theQmpm@ tn glnj)Op&ﬁMna%e and the
ABS-2 inpact.nmodifier, - 10 wt BPADP and 1 w

PREPTOE VB AET GO OB R e B SR OB LR g ot time

tcS BEpSedoBRiiRE alfl nthldsehinneP il Zitnhrﬂrhn?ﬁé%@% the PopRtion of
drlﬁ performance and the proportion o

PolyFiipsRnGRelieArpetaje apRdyiatTe incensstsy ndhe| data frulicate that preferred
re%&@ﬁﬁﬁé {ootljh bf §s ecto gst Wex})%lﬂrﬂepatf% e‘?i%'i‘%?@t"l%%s‘? about 7.5
sSa |

es thi fner 1t han oves
woo r}nelcybpollymmanﬁi-gpm Y alas Isimmtthatcthp orhynmr:memtoh CIATED. drfﬂ't&pers
i ndi erred
o%ts Fhe }g]r((j)lpgr%tog og];gltym gx%tle -polycarbonate copolymer increases, so that little
appreciable improvement is seen when the proportion of the copolymer is about 17.5

wt.% of the composition, or greater.

The data of Table 3 also shows that the effect of the proportion of polysiloxane-
polycarbonate copolymer copolymer in the composition does not have a direct
correlation with improved performance for purposes of VO testing, i.e., flame out
time. Rather, as represented in Figure 4, the data for tests of samples of 1 mm
diameter comprising the same proportions of ABS-2, BPADP and TSAN as the
materials used for Figure 3 indicates that flame out time is at a maximum when
polysiloxane-polycarbonate copolymer comprises about 12.5 wt.% of the composition
and that either greater or lesser proportions of the copolymer give better results (see,
e.g., samples 3, 4 and 5). Preferred flame out times, i.e., less than 10 seconds for VO

and, optionally, a probability of passing on the first test 0.85 or better, are attained
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results (tinme to drip of 55 seconds or greater) wll
be attained with at |east about 7.5 wt.%the
waeopelyrmer . Figure 3 al so shows that the inproRENESL005/085432
time to drip tapers off as the proportion of
pol ysi | oxane- pol ycar bonat e copol yner increases, SO
tha littl e appreciable inprovenen see en, the
Wswm@m&aﬁ%ﬁﬁ 8 g0 3958 Th S G5tk Fire o
saﬁxﬁl@ﬂsb ,%Fdm Would78Abbout TES daba vt mbabian Ab&its9.5 wt.% of
ows that the effect of the proportion of
thp odpdyrherx amge fody ebewsdial © dopbl§ %o degof-gasamples 2h& 8, 10
ﬁﬁgyosition does not have a direct correlation with
oved performance for purposes of VO testing, i.e.
flame out time. Rather, as represented in Figure 4,
IntsHp od&tranfocﬂlﬁt@sd; a caﬁbﬁﬁﬁm eftimk t(?.dﬁmoﬁ htele®st 65 seconds, flame
conprising the same proportjions of ABS-2, BPADP a
out g LG FreonAstaEless eptigaally ?%Feopngwrele%s Fr¥cli 1@&6@@% &dess,

ant! RERhQHzok! al:ts el@aﬁamﬁ'énomg‘i‘east 3.6 ft-Ib/in are desired, as
3 gouil

pol ysi [ oxane- nat e copol yner conpri ses about
mmﬁmabwmm%@bﬁZPhé 8anpd8i ti on and that either greater
or | esser proportions of the copolyner give better

In spiﬁ:aet St{? Tc’r{lee?rh% egllrabée gx%e O%I [?' ﬁlaefpe%ggrgg%cg ﬁgg d@%espectlve

ofafishne Qi i tiné| foy, otﬂerpémb(&bMehﬁsy tigfe nﬂﬂﬁpnlgermﬂmhm fsi stedined
test 0.85 or better, are attalnedmhen th% osi tion

irgeneptiveselsllaee euiitimg Breeeginathe smbsgimenip] gthfamg i digne and

tirfte QQ draﬁ{lygllfgm?e)nc% néy befa{t@me@bo%e 7da$a P BB {icates that

nor e than “about % of the copol yner,
emébaghmerits drat abroptiselabobt 7.6 takabc_uut 12)55 WL %9p(lgsiloxas-polycarbonate

I 2,.5 8 10 and, 11). | i Ll h . .
ccBRE Reteicht soi afith Bt BeteamaBetor ol o time and fispe to
dri? $EGRRHE: exfahipe aoéﬁmﬁdsﬁﬁ)noéon%sﬁﬁg‘:ﬁ@lﬁéar@dnateeS‘p%lycarbonate-
optionally 30 seconds or |ess, ., 10 seconds or

palgsslexangn gonadyraereand zaadlmnaﬁbémodefl’\w 35 deraribedraiseein dflesignated
sab‘ﬁ)"l’eS b Zg\%fttestg@ / \’gﬂ‘l ?és%e&et%' ﬁl%qso v@etlalﬁé n@/ﬂh thV @(')Wf)fﬁétwe

sone enbodi nments, ~desira
cofrrhmﬂmonmtdesugnmeqbat-ﬂ oamAgER. | Q“haodmmoenhons r\mpetestted/efor melt

viscosity, HDT and NII. In addition, the compositions were molded into test parts

suitable for being joined by ultrasonic welding to form a rectangular test article, as
shown in the Figure 5. Specifically, each test article 10 comprised two parts 12, 14
designed to fit together at mutually facing, longitudinally-aligned weld surfaces .16, 18
measuring 6mm x 13mm to form a test article measuring 240mm(l) x 12.7mm(w) X
6mm(t). The parts were welded together using a Branson 400 series Ultrasonic
Welding Machine under the following conditions: frequency: 20 kHz (fix); pressure:
25 PSIG; weld time: 0.5 sec; hold time: 0.5 sec; booster amplitude 1:1(standard);
horn diameter 1.5 mm, flat face. The strength of the welds were tested on a Shimazu
Universal Testing machine in which the ends of the test article were pulled apart at
Smm/min. The load at failure of the weld was noted. Flammability tests were
performed as well. The contents of the tested components and the test results are set

forth in the following Table 4:
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of flanme out tine;

for other enbodi nents,

time to drip

performance is attained irrespective of flane out
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The data of Table 4 shows that a composition as described herein not only exhibits

advantageous flammability properties, it also provides surprisingly superior ultrasonic

weld seam strength compared to a polycarbonate compositions not containing

polycarbonate-polysiloxane copolymer and impact modifier. Therefore, a process of
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sanpl e having a variable width, all such variations
being within the indicated percentage of the stated

wo 2000031764l | references are incorporated herei PCHYS2005/035432
reference. Wiile typical enbodi nents have been set

forth for the purpose of iIIustration the foregoi ng
a.limitat
SRR PO RO RS LBy Pt

dmadbéd kmtmpmﬂ, thadaieleatrésaitiyg th¢refram| aferaasb!paﬁs ofys iaG&iHon.
to one skilled in the art wi thout departing fromthe
nd, s invention. What is

TR ks PG $60R0 € od A5 T PR SpoLg o any order; quantity or
1rﬁ19cm:h|hb§ ibgratip Ak used td &s@rpglh’sth M Mm & BonPanother, and the terms

po ycarbonateresm up to about 35 wt.% of an inp
“groandsiaay andatybelt h@ei domoaldgtmte a(bmmatl%l of quantity, but rather denote

tH%g;L%feng%é?”F L;qul Cagllg Srea 16 ﬁﬁllp]aagldlrnagﬁﬁ plural retferents

umleisan}cbanbnteﬁaehalbﬁ\ﬁ&a&@ dtherwisdl al C&ApRINAs thr¥eddbibedf using
her nopl asti ¢ conp03|t|on excl usi ve of any
Stf“i’ qrise Pon@m]?tﬁé? cgﬁ‘p@sq“m %nandfp%lt@mrﬁ‘![ spbytitwted by any indicated

g&)gfmé 'u§élé?9to@d" tPRiVe {E 4 J\/aﬁerﬁ: cf’d bé/ gg&% 85\0/ gﬁgc% dedmﬁpaqudrogen

claim1, conprising an an
atams afipdash ¢f-"} Heat mmtmplvmtnv\@ ketmr[samslymbnlsha\usétgt(ﬁmdwate a

b t b | eves a
P LT Rh PSSt in TR aRRlE GOl A caron
ofdhe ARl grdupr mﬁﬁﬁéﬂne@r&ﬁ%lﬁh k@hhiodl £ doledlBe terms used
retardant. 4. The conposition of claim3 wherein a

h‘%fﬁ’é‘ f@vg HrersamegReqningl s lﬁrﬁzm(@%y yyelerstendny @emjhst(ﬂlem the art to
t
east a[)gg?tl(glagel? P &gt Gﬁ% %Adé q‘égr EnP%gdml%% %3 0|I dﬁﬁczhe Same

praptrty ASAvDWR a6 mﬂepmdmtt)emnﬂﬁﬂdhlw end clusive of eigdaslbbdinONThe
R 1 2 SRS, OF, 0 LML IBRLaSUL e v,
arRP AR the IndMing WREAEBPOBRAcdrext, for example the degree of error
associated with measurement of the particular quantity. Where a measurement is
followed by the notation “(= 10%)” or “(+3%)”, the measurement may vary within the
indicated percentage either positively or negatively. This variance may be manifested
in the sample as a whole (e.g., a sample that has a uniform width that is within the
indicated percentage of the stated value), or by variation(s) within the sample (e.g., a

sample having a variable width, all such variations being within the indicated

percentage of the stated value). All references are incorporated herein by reference.

While typical embodiments have been set forth for the purpose of illustration, the
foregoing descriptions should not be deemed to be a limitation on the scope of the
invention.  Accordingly, various modifications, adaptations, and alternatives may
occur to one skilled in the art without departing from the spirit and scope of the

present invention.

-49.



an open flame, has a flame out time of |less than 10
seconds and with no dripping with a probability of

wo poos4t76e pass of at | east 0.85, the absenceP©f/us2005/035432
brom nated and/or chlorinated flanme retardant. 6. The
conposition of claim5 wherein a one-eighth inch (3.18
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3.chl orhdadBfost i ANEY E18IndN dedthpristde ad Gt CRIpPARIItteOhdONherein a

clai m 10, wherein the sanple has a flane out tine of
sajmpde of tﬂﬂarﬁhmosbetmn@snmwmdtavmiaptbwhgess P$ aboid .5 mm or about

l.g Eltq%t 1ev s? ?inectjo?ci’]gln @4}9{ t%laﬂ] a{)&ﬁ sﬁ%aigﬁé)rﬁisqﬁﬁ%ég?l%s%@%%f a

Iess seconds
brofnim}ited zmdlorwhﬁrrmnreda]aﬁ&rrpdaﬁiaﬁf. t he thernopl astic

4, The composition of claim 3 wherein a one-eighth inch (3.18 mm) (£3%) bar
comprising the composition has a notched Izod impact strength of at least about 3.6 ft-

1b/inch determined in accordance with ASTM D256 at room temperature.

5. The composition of claim 3 wherein a sample of the thermoplastic
composition having a thickness of about 2.0 mm to about 0.1 mm , when exposed to
an open flame, has a flame out time of less than 10 seconds and with no dripping with
a probability of first time pass of at least 0.85, the absence of a brominated and/or

chlorinated flame retardant.

6. The composition of claim 5 wherein a one-eighth inch (3.18 mm) (£3%) bar
comprising the composition has a notched Izod impact strength of at least about 3.6 ft-

1Ib/inch determined in accordance with ASTM D256 at room temperature.

7. The composition of claim 1, wherein samples of the thermoplastic
composition having a thickness of about 2.0 mm achieve a UL94 5VB rating in the
absence of a brominated and/or chlorinated flame retardant.
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conposition having a thickness of about 2.0 mmto
about 0.1 mm when exposed to an open flane, has a
wo b@am41062 tinme of |ess than 10 seconds and w PEIT/II82005/035432
dripping with a probability of first tine pass of at
| east 0.85, in the absence of a brom nated and/ or

gchl orfaatg ggglﬂgﬁ Rlet(%lglanlt whtein hﬁaln%ﬁg? Osfl gl?eogtggxmoplasnc

claim13 rein e sanplé has a't ness

ccb}n]iosmtmrt hla\arhg)altthlﬂzkr&sﬂ‘of aidut 1Thent adfiesd 4 U19405VE |r§tir{§ in the
%rebn t he sa Gas a_thi ckness of about 0.8

al?sﬁn%fb (ft Oreminated an pngisdHaeedetadagt ¢l ai m 13,

wherei n a one-ei ghth inch (3.18 mm (3% . bar

9CONPThE| BmpARiGOMBHOdithON, N{Re@i afifprd |
strength of}gat 1I east about " 3. efh b/ s:Ali)nch Oget erm ne o?plasnc

CQIAPQSEEY piegea mxpheAsmme 2ammr odrieveearpd 94t IR rdtihg in the
erei one- ei ghth inch
?%S?S%%T&iﬂg&b /g Sﬁf Plné}leng R éaérgj APosi ti on has a

not ched 1zod inpact strength of at |east about 3.6
1.t | bThé n@impijettmmmoﬁedallrm Bcodettamce saniple ASHT MdD2h&mmiplastic

roomte erature. conposition of claim1l
QBRI T ot AR f SHOOE SODEY YOPRHERA|Yh iR &x0sed to
ait OP&H YIaRke; hdda e SQthﬁ’é'Jﬂ 19& fhn P Ad SRR sHsBfe of a

more than 5 to about
brggligaied @)dé@f@hbmry@drfbom@rdmpol ymer. 20. The

conposition of claim19 'conpri sing about 10 to about

5 t Y
: lgo npm%}ée/%moﬁélsﬁ A Wﬁnﬁgd co rrper I?s ?nsgam?fgeoﬁ agﬁ%m? ‘BBE P f less
thad 30kednds withowttdripping. t 0 about 25 wt.

pol ysi | oxane- polycarbonate copol ymer 22 The

1§6gp | %(8%2(@31: c clléngéh]t IJV \érletrlxbthgﬁenlgltafe visc asflllg gutat}me of less

thER$0 aécos@gond, neasured in accordance with |1 SO 11443.

13. The composition of claim 1 wherein a sample of the thermoplastic
composition having a thickness of about 2.0 mm to about 0.1 mm, when exposed to
an open flame, has a flame out time of less than 10 seconds and with no dripping with
a probability of first time pass of at least 0.85, in the absence of a brominated and/or

chlorinated flame retardant.

14. The composition of claim 13 wherein the sample h.as a thickness of about 0.1

mm to about 1.5 mm.

15.  The composition of claim 14 wherein the sample has a thickness of about 0.8

mm to about 1.5 mm.

16.  The composition of claim 13, wherein a one-eighth inch (3.18 mm) (£3%) bar
comprising the composition has a notched 1zod impact strength of at least about 3.6 ft-

Ib/inch determined in accordance with ASTM D256 at room temperature.
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23. The conposition of claim 22 wherein sanples of the

t her nopl asti c conposition having a thickness of about
w@2@mepe17ebout 2.0 nm achi eve a UL94 V2 rating PCT/UR®05/035432

absence of a brom nated and/or chlorinated flane

retardant. 24. The conposition of claim?22, wherein

anp I I LG C )Sd 41 O [ a 0
AT CR e g OEph BF AR Teh e IRPELL AL TP HD 5%6) bar
coin@rsivg theatommysition hhea abiskalzod mpadd stoerigias o 1@8OdbRLt 3.6 fi-

chlorinated.flame retard ...Jhe conposition of
IR e B3n it B R ASTN 250 Rerapgpleawerseore
conposition having a thickness of about 0.1 mmto

18boUtTh. édnifvsRieAi 6V 8lafin UL Ldmyesindt hidee ithant BewRRSEHES! -
of a br omng?g ed and/ or chl ori\éﬁatngd flanme rlr et‘grjgaﬁ(tnfy‘ oxane

pokycarbpgate e0RobENET on of claim 1, wherein sanples of the
t her nopl astic conposition having a thickness of about

19: 1 Rt QndhRidion2 achi -4 U ratj ng in the
absence ofnﬁ% g{?}grﬁﬁg{mﬁé gnmgﬁ%b?lsgﬁl %@?eng%aéldgf‘oag%om gdw wt.%
polysibmadaerpoRZarbdinge capopoesért i on of claim 1, wherein
sanpl es of the thernoplastic conmposition having a

hi ckness of about .0. 1 to about 2.0 mm achi eve a
2y 8 B Fordirond o of i 2 CaRBRhe pitgHl Tiek &0 e g W%
polybitixan@becdrban®e Eoigkant . 28. The conposi tion of

claim1, wherein sanples of the thernoplastic

onpgsi tion having a thickness of about 1.2 mmto
2g-bouﬁqﬁ fg%l

9 COMpRIiRhPkslaing 1Y comprsype abeut g fabont 1 pE&nerabout
' fo ; ' t ar dant .
195 1825k 75 RALE doRUMHGhe B %ﬁbgﬁa&igor@lhﬁna ret ardan

. 'all'eco'rrpostlono n a one-eighth
inch (3.18 mm (3% bar conprising the conposition has
22 nofbhiedmpeodon npakimsit, henigi e okltatisdosias it 260007150 sec”! of

ftl i nch rmned in accordance wth ASTM D256 at

ahq 634’{%51%‘? g‘?@f@.caleﬁ?onﬁ; BICABHFOW Acrydarge vitllSQ 11443.
wherein the polysil oxane-pol ycarbonate copol yner

23.0NPThé eSorAFRItAii GfCaRARANAY € whBids QndiQr B thd khérmoplastic

composition having a thickness of about 0.1 to about 2.0 mm achieve a UL94 V2

rating in the absence of a brominated and/or chlorinated flame retardant.

24.  The composition of claim 22, wherein samples of the thermoplastic
composition having a thickness of about 0.1 mm to about 2.0 mm achieve a UL94 V1

rating in the absence of a brominated and/or chlorinated flame retardant.

25.  The composition of claim 22, wherein samples of the thermoplastic
composition having a thickness of about 0.1 mm to about 2.0 mm achieve a UL94 V0

rating in the absence of a brominated and/or chlorinated flame retardant.

26.  The composition of claim 1, wherein samples of the thermoplastic
composition having a thickness of about 0.1 mm to about 2.0 mm achieve a UL94 V1

rating in the absence of a brominated and/or chlorinated flame retardant.
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O- R-O -O (1) wherein at |east about 60 percent of
the total nunber of RL groups are aromatic organic
wo 2060a1762 and t he bal ance thereof are ali phatiBCT/US2005/035432
alicyclic, or aromatic radicals; and
poI ydi or ganosi | oxane units of formula (7) wherein each
i s_independently_a C 3 nonovalent or anl radi cal; D

Yhas B £P8PRFHOY aPfieclaim 214 oVBBENL SAVBES ehcthe rEhgryoplastic
olnxsml Rieh %%gx tﬁlcﬁhééab?aﬁou@% 1G8nPdoi dBBaL 3. 6 rr%‘ab'lﬂe@@&ULMt VO

ndependéntly a hal ogen, ano, nitro, G-C
ratihginl théy absem:ﬁ of@ gomlinayed an@(or(c,\xhvlrlha@txgi ﬂamz-relarchhkenyl ,
C2- C8 al kenyl oxy group, C3-C8 cycl oal kyI C3-C8 :
ycI Ikox ryl - G0 ar y - Ci,.2 .
& ogfBhg ot KA, 1o e bR of e groptasti
co&’;ﬂﬁ)@ﬁl}bhqmymg%dnﬁaﬁbk &f htsout ﬂdﬁﬂﬁnﬂﬁﬁbdlﬁ 200 i adhicde aAIL94
31. The conposition of claim30, wherein RL is a
S\GB vaiingrin theasence obp brspingied a{l%)r chigrinatedifaro setafdantei n
each of Al and A2 is a nonocyclic divalent aryl

29, adigad (F](g’}ti%swon' S @il | %e&gn %%b%?éht]'ﬂ fﬁydhn(g RG34 bar

atons t separ ates Al fromA ; each
cdnmj'ep@we noﬂnyoau@ hag] a Botahedylzod @hpack StBeraﬂk oﬁyt lemabmutsi ft-.

G 3 al kenylo 5 cycl oal k -
ot kit 1 accheons WAl Sen i Sypebpanes 5
aral kyl, C7-C 3 aral koxy, Cr7-G al karyl, or a C7-G 3
3@l karhd O@anpo@ﬂE)h B2 khimndepeheteint the ap&lysiloxdne-polycarbonate
al kyI ene, each Mis independently, and each n is 1.
copol Ymﬂﬁéo@aﬂfféy tion of claim31, wherein each Y1 is
i ndependently -0, -S-, -

aromatic carbonate units of formula (1):

0
—r'-o—Lo0— 1)

wherein at least about 60 percent of the total number of R' groups are aromatic
organic radicals and the balance thereof are aliphatic, alicyclic, or aromatic radicals;

and

polydiorganosiloxane units of formula (7)
' R R R

; X 2 l l l 2 =~ 1

—O0—, = -R“=Si—0OSi —Si—R*~|- —O0—
< T T
M M

' | P NG
wherein
each R is independently a C;_;3 monovalent organic radical;

D has an average value of 2 to about 1000,

each R? is independently a divalent C2-Cg aliphatic group;
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S(O-, -S(R2)-, -C(O-, nethylene,

cycl ohexyl -net hyl ene, 2-[2.2.1]- bicycl oheptylidene,
we@tdvwglidene, i sopropylidene, neopentylidene, PCT/US2005/035432

cycl ohexyl i dene, cycl opent adecyl i dene,

cyclododecylidene or adamantylidene; each Ris

d al kyl trlfl oropropyl, C -8

BSOS endseDint ifodfio Fisprefile; Lo BREIo Catfs alkd o

alMok$, @-Cphlkyhyl, €3-0Y lalkeRyioRy bouﬁetb@%!ycl%lhﬂxmg- I52c:yg:loalkoxy,

Cltoropo phenyl, chl orophenyl, or tolyl group; IS a

s1G 18Dy Fehe aYetn Crdnd aF?Hf}é Gr-Ei2-Ballpxoy [Cr-Crz alkaryl, or C3-Ciy

ropyl, C -8 cyanoal kyl, phenyl,

a@%h&r %ﬁyl or tolyl. 33. The conposition of claim

32 mhereln Al and A2 are each a dival ent phenyl group;

ex¢ch 1 & indeplydentig 0, £y Bobrekyl i dene, or isopropylidene; M

i s nmet hoxy; and Ris methyl, or a nixture of net hyl

|f| uor nlxt
3Eheny

P BRHIBOTQ. el RE R g ettt formuta
conpr|5|ng a thernopl astic polynmer having a Tg of
great-ery'thah—about @ C, and conprising units derived
froma nonovi nyl aroratic conpound, itaconic acid,

acryl am de, N—sub;tltuted acrylan1denethacry|an1de

wheresn eachrifyAlr andeA” ised mionbayslic Nivalday hryl eadydal end Walioabyifiging

“RARD i G B RELGL APt st Y 59T R N RELK S tenfhaenty o

QM5 e]klyl R G5 lanmp,g@ﬁc:,3(alkéﬁy§ alky Ialkehyleﬂsa c30<r:6 %’%ld&[l@l Cs-
and i'S cyano, -Ci_ 2 al koxycar bon
CarCyF]89<1§€’a>f> k%r@uo ar>dr CarCoontlanat Lokt ﬁﬁwi s¢m§nsazralk@astc7 -Ci3

afgklggil,qr d @fc 051?&91051 JRARIGL %deﬁéxdeﬂ- a %o@ozﬁk lé% FQJh M is

' her’conprising a thernopl asti
lrhiam:mﬂgntay 'ﬁgdceﬁchg'rleater t han about 200C, and corrpri si ng
uni ts derived fron1styrene 3- net hyl styrene,

§ 5- Ge}hg X’ngé‘l HOS R e a1m %@{@g%%}étneé{:}?% is 1n8epem§r§1ttl O- -S-, -

S;})%era c$0n)- pS?)r{(E;t@ID)S,, ahppitgldiedNOSYNOREAGI-methylene,  2-[2.2.1]-
blclyc(::lgLe(i)rt}%lsdtené eré?hy]ndene isopropylidene, neopentylidene, cyclohexylidene,
cyclopentadecylidene, cyclododecylidene, or adamantylidene; each R is independently
a Cy.g alkyl, trifluoropropyl, C,g cyanoalkyl, phenyl, chlorophenyl, or tolyl group;
each M is a methyl, ethyl, propyl, methoxy, ethoxy, propoxy, phenyl, chlorophenyl, or
tolyl group; R? is a trimethylene group; and R is a C,3 alkyl, trifluoropropyl, C;.s

cyanoalkyl, phenyl, chlorophenyl, or tolyl.

33.  The composition of claim 32 wherein A' and A? are each a divalent phenyl
group; Y' is methylene, cyclohexylidene, or isopropylidene; M is methoxy; and R is

methyl, or a mixture of methyl and trifluoropropyl, or a mixture of methyl and phenyl.

34. The composition of claim 1, further comprising a thermoplastic polymer
having a Tg of greater than about 20°C, and comprising units derived from a

monovinyl aromatic compound, itaconic acid, acrylamide, N-substituted acrylamide
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di bronostyrene, tetra-chlorostyrene, acrylonitrile,
ethacrylonitrile, nmethacrylonitrile,

w@b@ha4iobt or oacryl onitrile, beta-chl oroacryl onPCT/UE®)5/035432
al pha-bronmpacrylonitrile, methyl acrylate, nethyl
nmet hacryl ate, ethyl acrylate, n-butyl acrylate,

n-.but yl thacryl ate.. .propyl acryl , 1sopropyl :
Rl Be, R by BamplmBE Xafkd: abfaRalie subsitured
n0IPides b Ry citlyl (B@BfacHMte, ofmbMifndr OF 6@QicAGaRRIRN ($2): 36.
The conposition of claim1, wherein the inpact
difier conprises an acrylic inpact nodifier, an ASA
| t nodifier, a diene inpact nodifier, an
Xor gamosi | oxane(iXypact nodifier, an
or ganosi | oxane- branched acryl ate i npact nodifier, an

PDM igrpact .nodi f jer, tyrene- but adi ene- rene
WL RO ETRr G -Gey e PETTIy] hERaEadrent. 1S Eyengr-Cr
alkBRpSakbIIRL ok ICRIC |, AR/ 14BRafbBRAC br AMREhbingfion B6npRThd TPREY one

nodi fier, a glycidyl ester 1npact nodifier, or a :

of tetiPigaeing MAPEMSES si ng at | east one of the foregoing
i mpact nodifiers. 37. An article conprising the

o i £ ol al e . _ | . .
G55 LAOeR 8 O 2GR Dol B gy
havihg alTg, of peenpdritBdn o2 @) gnd EothprikihNEni debiNa@ o8 dtfiene, 3-
conmposition of claiml1l to formthe article having a
MEEMISTHEYS: ng-Sadiehyskress 4n-meapnlgirenes glpkg-methdstysnpodilpha-
| qi rt ) L.shpg g [ Ly '
g e G
drpekhosgyrane, getra-chlerastmpre] scrytpnitrile, asloniydaditrile, wakdhaagloaitrile,

firs art .conpri si.n conmposj tio ccording.tq ¢laim
slphi ShigR R oATRIE P B ro oo BPBR-Erap it grie, methy
ac\z‘iﬁyﬁfe?irﬁhtﬁﬁﬂn&ﬁﬁ&ﬂ@teg@ﬂglz‘é&%?ﬁé, SEBut{l §QYRRS B methacrylate,

according to clalm article conprising a o
prapykgcryatet iserrapyliasiytage.o2-etbyibesil eroteta ot 8 cdinbination epmprising

at least one of the foregoing monomers.

36.  The composition of claim 1, wherein the impact modifier comprises an acrylic
impact modifier, an ASA impact modifier, a diene impact modifier, an organosiloxane
impact modifier, an organosiloxane-branched acrylate impact modifier, an EPDM
impact modifier, a styrene-butadiene-styrene impact modifier, a styrene-ethylene-
butadiene-styrene impact modifier, an ABS impact modifier, an MBS impact
modifier, a glycidyl ester impact modifier, or a combination comprising at least one of

the foregoing impact modifiers.

37.  An article comprising the composition of claim 1 and having a wall having a

thickness of 3mm or less.

38. A method for forming an article, comprising molding, extruding or shaping the
composition of claim 1 to form the article having a wall having a thickness of 3mm or

less.
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1 ultrasonically welded to a second part. 43. The
article of claim42 wherein the second part conprises
w@2menpiosi ti on according to claiml. PCT/US2005/035432

39.  The method of claim 38 further comprising ultrasonically welding the article
to a polymeric part.

40. A method for making an article comprising u]traéoniéally welding a first part

comprising a composition according to claim 1 to a second part.

41.  The method of claim 40 wherein the second part comprises a composition

according to claim 1.

42. An article comprising a first part comprising a composition according to claim

1 ultrasonically welded to a second part.

43. The article of claim 42 wherein the second part comprises a composition

according to claim 1.
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