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This invention relates to bl ends of polyi m des,

w@oedoymsiser i mi des and pol yet heri m de sul f ones W¢TUS2006/035726
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and the peak heat rel ease energy are neasured. Lower

heat rel ease val ues and |onger tine to reach peak heat

BACKGRQENDPF HEEINYENLION, s7i s a demandi ng t est

designed to give sone idea of the amount of tine
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developed to test the effectiveness of such materials, for instance Federal Aviation
Regulation (FAR) 25.853. In this test, sometimes referred to as the Ohio State
University (OSU) rating, the time for a sample to reach peak heat release, the amount
of energy released after 2 minutes and the peak heat release energy are measured.
Lower heat release values and longer time to reach peak heat release are desirable.
This is a demanding test designed to give some idea of the amount of time passengers
would have to escape from a vehicle in the event of a fire, however it is not a
replacement for device testing in end use applications nor is it a guarantee of
performance in actual fire conditions. Polymer blends that have been used in these
applications are described, for example, in US patent 5,051,483. These compositions
combine polyetherimides (PEI) with a silicone polyetherimide and a polycarbonate
(PC). Existing PEI-PC blends of this type are opaque. Despite the effectiveness of
these compositions there still exists a need for even better flame resistance
performance in this area. In addition the development of transparent flame resistant

compositions would further expand the utility of these types of materials.
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polyetherimide (PEI) and polyetherimide sulfone (PEIS) resins, with resorcinol
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derived polyaryl esters have surprisingly low heat release values and improved
solvent resistance. The resorcinol derived aryl polyesters can also be a copolymer
containing non-resorcinol based linkages, for instance a resorcinol — bisphenol-A
copolyester carbonate. For best effect, resorcinol ester content (REC) should be
greater than about 50 mole % of the polymer linkages being derived from resorcinol.
Higher REC may be preferred. In some instances REC of greater than 75 mole %, or

even as high as 90 or 100 mole% resorcinol derived linkages may be desired.

The amount of resorcinol ester containing polymer used in the flame retardant blend
can vary widely using any effective amount to reduce heat release, increase time to
peak heat release or to improve solvent resistance. In some instances resorcinol ester
containing polymer can be from 1 to 80 wi% of the polymer blend. Some

compositions of note will have 10-50% resorcinol based polyester. In other instances
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In one of its aspects the present invention is comprised of polymers containing arylate
polyester chain members. Said chain members comprise at least one diphenol residue
in combination with at least one aromatic dicarboxylic acid residue. In one
embodiment the diphenol residue is derived from a 1,3-dihydroxybenzene moiety, as
illustrated in Formula I, commonly referred to throughout this specification as
resorcinol or resorcinol moiety. Resorcinol or resorcinol moiety as used within the
context of the present invention should be understood to include both unsubstituted
1,3-dihydroxybenzene and substituted 1,3-dihydroxybenzenes unless explicitly stated

otherwise.
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embodiments the aromatic dicarboxylic acid residues are derived from mixtures of

isophthalic and/or terephthalic acids as typically illustrated in Formula II.

F ormula 1T

Therefore, in one embodiment the present invention provides thermally stable
polymers comprising resorcinol arylate polyester chain members as typically

illustrated in Formula III wherein R and n are as previously defined:
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Formula IV

wherein R is at least one of Cy_1; alkyl, C¢-Cy4 aryl, alkyl aryl, alkoxy or halogen, and
n is 0-4. Alkyl groups, if present, are typically straight-chain, branched, or cyclic alkyl
groups, and are most often located in the ortho position to both oxygen atoms
although other ring locations are contemplated. Suitable Ci.i2 alkyl groups include,
but are not limited to, methyl, ethyl, n-propyl, isopropyl, butyl, iso-butyl, t-butyl,
hexyl, cyclohexyl, nonyl, decyl, and aryl-substituted alkyl, including benzyl. In a
particular embodiment an alkyl group is methyl. Suitable halogen groups are bromo,
chloro, and fluoro. The value for n in various embodiments may be 0-3, in some
embodiments 0-2, and in still other embodiments 0-1. In one embodiment a
resorcinol moiety is 2-methylresorcinol. In another embodiment the resorcinol moiety
is an unsubstituted resorcinol moiety in which n is zero. The method further

comprises combining at least one catalyst with the reaction mixture. Said catalyst may
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Formula V

Either or both of isophthaloyl and terephthaloyl dichlorides may be present. In some
embodiments the dicarboxylic acid dichlorides comprise mixtures of isophthaloyl and |
terephthaloyl dichloride in a molar ratio of isophthaloyl to terephthaloyl of about
0.25-4.0:1; in other embodiments the molar ratio is about 0.4-2.5:1; and in still other

embodiments the molar ratio is about 0.67-1.5:1.

Dicarboxylic acid halides provide only one method of preparing the polymers

mentioned herein. Other routes to make the resorcinol arylate linkages are also
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Suitable mono-phenolic compounds include monocyclic phenols, such as phenol, Cy-
Cx; alkyl-substituted phenols, p-cumyl-phenol, p-tertiary-butyl phenol, hydroxy
diphenyl; monoethers of diphenols, such as p-methoxyphenol. Alkyl-substituted
phenols include those with branched chain alkyl substituents having 8 to 9 carbon
atoms as described in U.S. Patent 4,334,053. In some embodiments mono-phenolic

chain-stoppers are phenol, p-cumylphenol, and resorcinol monobenzoate.

Suitable mono-carboxylic acid chlorides include monocyclic, mono-carboxylic acid
chlor\ides, such as benzoyl chloride, C1-Cy; alkyl-substituted benzoyl chloride, toluoyl
chloride, halogen-substituted benzoyl chloride, bromobenzoyl chloride, cinnamoyl
chloride, 4-nadimidobenzoyl chloride, and mixtures thereof; polycyclic, mono-
carboxylic acid chlorides, such as trimellitic anhydride chloride, and naphthoyl

chloride; and mixtures of monocyclic and polycyclic mono-carboxylic acid chlorides.
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In another embodiment the invention may encompass the inclusion of at least one
branching agent such as a trifunctional or higher functional carboxylic acid chloride
and/or trifunctional or higher functional phenol. Such branching agents, if included,
can typically be used in quantities of 0.005 to 1 mole .%, based on dicarboxylic acid
dichlorides or resorcinol moieties used, respectively. Suitable branching agents
include, for example, trifunctional or higher carboxylic acid chlorides, such as

trimesic acid tri acid chloride, 3,3",4,4 -benzophenone tetracarboxylic acid
tetrachloride, 1,4,5,8-naphthalene tetracarboxylic acid tetrachloride or pyromellitic
acid tetrachloride, and trifunctional or higher phenols, such as 4,6-dimethyl-2,4,6-tri-
(4-hydroxyphenyl)-2-heptene, 4,6-dimethyl-2,4,6-tri-(4-hydroxyphenyl)-heptane,
1,3,5-tri-(4-hydroxyphenyl)-benzene, 1,1,1-tri-(4-hydroxyphenyl)-ethane, tri-(4-
hydroxyphenyl)-phenyl methane, 2,2-bis-[4,4-bis-(4-hydroxyphenyl)-cyclohexyl]-
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w@2m7/08538ont ai ned in the sol ution of di carboxyPCTUSZINE035726
di chl ori des, or can be added to the reaction mxture
after production of a precondensate. If
nono- car boxylic acid chlorides and/ or
propmmmm-@flufcmmhesylappropslé@ha@olcuqtarawﬁél«hmr,@gsﬁplsenﬂ)h ey

f duced
methie; gy pbY PR Se ChuRE o ok p L 2R xRty
2-2, Ah&yaﬁ%%héhm)r@rzspﬁfeete% (@ (4R yWheRlisdpeomit]-phidndes)- of

carboxyli ¢ acid have already_reacted substantially
meth@tre {1 4-biey LAetinhaﬁroxmnpbﬁ@ﬂHmtbyl&bﬁ%?&aﬁ&’élea?léc branehing
cha I {ggmg nt to
ssents AR e ShERBEER it St GERsHR R ERedcR IR ERRAITR
brandhyi@abeh® naei st iatrodined teguicd withricid dieliloridest he begl nni ng
of the reaction between resorcinol nDiety and acid
chl oride noiety, Wien. hydroxyte mn resorC|n
In o O R EBDRGRIRIS I P RELRIHLS BOBPALl DR g ervlte
poly&fe‘f’?ﬁi‘é&gby E@%es%ﬁﬁh@th%ﬁ Qﬂ@@[bsfﬁﬁﬁall’}efré@&?ﬁﬂly@ﬁd@mﬂ%ges
present 1'n s amounts to aid control of oligonger
hnkmg)htdczust two meisghtthe polyestestchain. Brmpartierdar crebpdimentsaid; on

ass it he..inclusi. t Cc g
poly SRt EGtER e to o PR Gk el GRE Rl T 20T
terepﬁﬁfaﬁ@ééihé & iflasteht€inOFdra@laavild/ or tri f unctional or

hi gher functional phenol. Such branching agents, if
i ncl uded, can typically be used in quantities of 0.005
o1 mole % hased on dicakboxylic acid dichlorides or
resorci nol noilpties used, respectively. Suitable
QEﬂf r exanple, trifunctiona
aei | orides, such as trinesic
3,3/,4,4" - benzophenone

Formula VI

wherein R is at least one of Cy.1» alkyl, Cs-Ca4 aryl, alkyl aryl, alkoxy or halogen, n is
0-4, and m is at least about 5. In various embodiments n is zero and m is between
about 10 and about 300. The molar ratio of isophthalate to terephthalate is in one
embodiment about 0.25-4.0:1, in another embodiment about 0.4-2.5:1, and in still
another embodiment about 0.67-1.5:1. Substantially free of anhydride linkages means
that said polyesters show decrease in molecular weight in one embodiment of less
than 30% and in another embodiment of less than 10% upon heating said polymer at a

temperature of about 280-290°C for five minutes.

Also included in the scope of this invention are resorcinol arylate copolyesters
containing soft-block segments as disclosed in commonly owned US Patent
5,916,997. The term soft-block as used herein, indicates that some segments of the

polymers are made from non-aromatic monomer units. Such non-aromatic monomer
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tetrachloride, 1,4,5, 8 naphthal ene tetracarboxylic
acid tetrachloride or pyronellitic acid tetrachloride,
wa@pa7ps3i38uncti onal or higher phenols, such as PCT/US2006/035726
4,6-dinmethyl-2,4,6-tri- (4-hydroxyphenyl)-2-heptene,
4,6-dinmethyl-2,4,6-tri-(4- hydroxyphenyl) hept ane, 1,3
5 tri-(4- hydroxyphenyl)-benzene
units a:tergenémllh pliphasip phé Ase KnosmHgimpart iﬂpx@mty to the soft-block-

he
contaiye BEVACR" Shd e s AR R o iructurd vaitegl
Formula2 1471 &w(¥ihy dxoxypheny! | Sopr opyl ) - phenol |
tetra- (4-hydroxyphenyl)- net hane,
2, 6- bi s- (2- hydr oxy~5- net hyl benzyl ) - 4- net hyl phenol,
2- roxyphényl ) - 2-(2, 4-di hydroxyphenyl) - pr opane,
oxyphenyl i sopropyl ] - phenoxy) - net hane,
i hydr oxytri phenyl ) net hyl]-benzene.
Phe [ anchi ng agents may be introduced first with
i nol noieties while acid chloride branching
agents nayHPe i ntroduced together with acid
dichlorides. In one of its enbodiments the invention
conpri ses thernally stabl e resorcinol arylate
Formdhyest ers nade by the present nethod and
substantially free of anhydride |inkages |inking at
| east t nmers of the polyester chain. In a particular
EgbOdl | sai d pol yesters conprise dicarboxylic acid
si dues ' depgived froma m xture of iso- and
iﬂ;te&ﬁ%b?hgryg acids as illustrated in Formula VI:
Formél a VIcrwherein Ris at |east one of Cl-12 alkyl,
C6-C24 aryl, alkyl aryl, alkoxy or halogen, n is 0-4,
F and m Is at |least about 5. In various enbodinments n is
o3 ¥1and mi's between about 10 and about 300. The
nolar ratio of i sophthal ate to terephthalate is in one

odlne ut 0.25-4.0:1, in another enbodi nent
'a ut O 1, and in stlll anot her enbodi nent about
67 1. 5 1 \Substantlally free of anhydride |inkages
neans
Formula VIII

wherein R and n are as previously defined, Z is a divalent aromatic radical, R%is a Cs.
20 straight chain alkylene, C3.10 branched alkylene, or Cs.10 cyclo- or bicycloalkylene

group, and R® and R* each independently represent

O

|1
~ or — CHyO0—
wherein Formula VIII contributes from about 1 to about 45 mole percent to the ester
linkages of the polyester. Additional embodiments of the present invention provide a
composition wherein Formula VIII contributes in various embodiments from about 5

to about 40 mole percent to the ester linkages of the polyester, and in other

embodiments from about 5 to about 20 mole percent to the ester linkages of the
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that said polyesters show decrease in nol ecul ar wei ght
i n one enbodi nrent of |ess than 30% and i n anot her
wepdvoasizent of | ess than 10% upon heati ng sai dPEDUYIU86/035726
at a tenperature of about 280-2900C for five m nutes.
Al so included in the scope of this invention are
resorcinol arylate copol yesters containing soft-bl ock
polyesteg renmtther pmbgdiadnd peayiden acompepitipn slgedn RSrapagsepp 1 one

916,997, T er t- ck hergi
enn PR SRS SR s
embddi:A8Rt W%@?mt T ﬁ@ﬂgntlecfhaun:}dkﬁlﬁnMymﬂnmm}dgm Fermula
nmononeruni ts are genera al | I C.and are Kno t
VILreprpeents 30 BRPHHY qlitsf;?rbwltcr?é?l/ ricbe i lens A tadtcal 2
in Foglghl%% bor ym%eﬁggcpifnwéglpﬁs fnﬁﬁé)d'igl%nfstmﬁ@ aCIeasR bhS bftlie

ructural units o mulas |, VI, and VIII: Formula
suitable Aivarboxalivhdid Fesidueb as ddfided\bemimbove aaddn sprag embgdiments

previ ously defined, i§ a diyal ent_ aro i.c .radical,
at leap&oqesofal,%;gherggfgﬁ gf"éﬁf’nﬁﬁ%ﬁ’ At Z’I%R‘W’ fhlengny 6181?San ched
embdd 1?&:%% ngr?nﬂi'ggg‘latl@asﬁéwu@to ﬁ{ol@?&}ef@ﬂt Q- hen§REe JhGHious

ar11 d each i ndependently represent wherein _.

embddiments af vopolyastsnt contriniag seft-dlackisbain memberap dyFoumlad s
percent to the ester |inkages of the polyester.

Ze10-pddi ti onal enbodi ments of the present invention

provi de a conposition wherein Fornula VIII1 contributes
In anotheY 8f it9eBb&ihemls Menirsseht tiveatimutonsprises blockit 40 nol e

ercent to the ester |inkages of the. polyester, and in
copoliieniercaRAPEEH REMPISIng BAPIHSL A AT SORBHRE Uochtement i

com@ﬁ%tgcg‘{]\;/n%% tgrg%?f;cvci% egﬁtg lb?:%%%@?ﬁ%ﬁ%gg%ﬁ@ Ez%priﬁﬁgt her
resorcipl esdate shdim membessrib suinenpolyosery arestbsitniially diegioh
anhyalrlﬁg Hilelfgaeg'es.%ubgisaﬁt?alﬁlyf%eoo%l alflﬁgfc?rﬂﬁe lh%ﬂgesi fesAl %ali] e
copolyestercarbonates show decrease in molecular weight in one embodiment of less
than 10% and in another embodiment of less than 5% upon heating said
copolyestercarbonate at a temperature of about 280-290°C for five minutes. The block
copolyestercarbonates include those comprising alternating arylate and organic

carbonate blocks, typically as illustrated in Formula IX, wherein R and n are as

previously defined, and R’ is at least one divalent organic radical :

I :c 0-R*0-C
>, VA
R m p

Formula IXX

The arylate blocks have a degree of polymerization (DP), represented by m, in one

embodiment of at least about 4, in another embodiment of at least about 10, in another
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enbodi nent R2 represents C3-10 strai ght-chain al kyl ene
or C6-cycl oal kyl ene. Fornmula VII represents an

wW@e@n®si3gl di car boxylic acid residue. The di val BC/US2006/035726
aromatic radical Z in Fornula VII| may be derived in
various enbodi nments fromat |east one of the suitable

di carboxylic acid residues as defined herei nabove qﬂg
emboidimens b aidetss abers R0gmd in st hanothss embpdiment ghahopf a0rd 50. The

4- nhen 6- . '
DP of i oBH R (B0 Graseliofhs BB bE DS 1 e GfbQiERent generally
at leads, a%;)@thl% iy bedther dobodaméen usleasthbdiri®r2Gamf ncofjehyibst er s
BN R TR e
ot TR OB g SRS
carbomeigrodedks. inrgenarmbitimatdntemt of ariylaty Yadksds dmetrosralasippyakout

ment.s. The se nt I Si i nol I
o3 B i Freaemeopor ferd e R ChE R a1y ©
free of anhydride |inkages. Substantially free of

Alth@hdhixége bf Rkagesterspaihalatdidtilishated in Formula IX, the
copol yest er car bonat es show decrease i n_nol ecul ar,

dicarbyet yiistacidrregiduesdpisormrifain blagks reaysbe dearyed domusny Juyable

. no r. i . 0 . . .
o S L TEN s e i g s
acid 2810u29 dfuding tHdsy derived toms alipfatic diaogkdichlorides (so-called

. _.copol yestercarbonates |nclude th | Si
ol hlechy RSPy V41005 SHICTREAN I CEPUEHA el GeRigeks

compr¥sR e BlBokyRE abil iR i8Sy ddtrdiR a i BarESf is\iihﬁ{deciefépﬁ{haﬁ@
are as gr eviously defined, and R5 is at |east one

acid ctisidabw vtheoviy dre molantiitioall isopibelats ta terrphthalaigriy ingene

emb$<t1%§1§t§a@ﬁﬁtg§2g—¢qq3?,riﬁ Eo@hePARCIERLAIBLAD 4 2H1, and in stil

another embodiment about 0.67-1.5:1.

In the organic carbonate blocks, each R’ is independently a divalent organic radical.
In various embodiments said radical comprises at least one dihydroxy-substituted
aromatic hydrocarbon, and at least about 60 percent of the total number of R’ groups
in the polymer are aromatic organic radicals and the balance thereof are aliphatic,
alicyclic, or aromatic radicals. Suitable R’ radicals include m-phenylene, p-phenylene,
4 4'-biphenylene, 4,4'-bi(3,5-dimethyl)-phenylene, 2,2-bis(4-phenylene)propane, 6,6’
(3,3,3',3-tetramethyl-1,1'-spirobi[ 1H-indan]) and similar radicals such as those which
correspond to the dihydroxy-substituted aromatic hydrocarbons disclosed by name or

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

In some embodiments each R’ is an aromatic organic radical and in other

embodiments a radical of Formula X:

——A'— Y— A?

Formula X
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enmbodi nent of at | east about 4, in another enbodi nent
of at | east about 10, in anot herenbodi nent of at | east
w@abwawn3aBl and in still another enbodi nent of abPOLIUS2006/035726
30-150. The DP of the organic carbonate bl ocks,
represented by p, is in one enbodiment generally at
| east al?out 2 i n anot her enbodi ment at | east about
whergid-e2ch Andnd A” ¢ 4 foneeystindivalembagl radisel ansblitis ab@dgng The

ti h
rodichl T herne g i AR BB ARR g o A R e Bnd?
in FodiylaaX eredlls0slisin the hithAéd paifa {)(an‘?cafs l@@ﬂétaﬁd e k«ﬂatldrﬁo Y.
general, the content of ‘arylate blocks is in one

Compennsklimehichdl diss Foomoigos pip mmhgmﬁls and forfhe saernd brevity the
B

arorla¥e hjdiecabeaar hcshmhldcbeamdetstroed i Ibweser, that hen-bisphatod

bl ocks_may be derjved fr sui t abl e di carboxylic
compaungs Pl8ISHYRS ME¥ alse e el W@aé%/ﬁ%ﬁl’/réaeor m xt ure’ of

sui tabl e dicarboxylic acid residues, including those

In F(QﬁﬁﬂaVX daf 5mh{yp&faﬁ§, Irsprsbeﬁpm@uwtﬁﬁtle@ bh e %R sEnaed

soft - bl ock™ seégnents In various enbodinents n is
derivatives therdof, Hblsaaweas@s@ug@k éonsomprare)beiigalkosienyd, ansi d

ved roma mxture, of
halof e GHERafTbloifRe). 1 08 sBbSb il Bhoeb Sl iepmong i
are pr&foREL. BYHAAS ahd AP @feﬁchEHn t §leins, dlthoagleb@hhegi tentor m-
about 0.25-4.0:1, in anot enbodi nent about
phenylege pr gRejo- Qi DhenIdenT an04Popther D BROSARTReNt about
0.67-1.5:1. hi the organic carbonate bl ocks, each R5
The bd iﬂg ferarg%ﬂﬁé Inindiiith BAL o A5@ARbHs, sBHERIA" fhdn A2 Ina
var enmbodi nents sai d radi cal conprlses at | east
partiowler «:inlbgdﬂmwtm absn sepataes Al omtAc Iﬂyma@wa résbenls efitbiisat

19pegRoubs T of Dhe” pPg e e BET L BRBARR: radi cal s

2-[22n9- bﬁdg@lc}aemnﬁl@thtyt&éeaﬁylaﬁee isaptdpiBddre, nédpeftyliise, Of
aromatic radicals. Suitable R radicals include
cycloheshiidaye egveloppnisfesylidetre cyclododecylidene, adamantylidene, and like

radicals.

In some embodiments gem-alkylene (commonly known as "alkylidene") radicals are
preferred. Also included, however, are unsaturated radicals. In some embodiments
the preferred bisphenol is 2,2-bis(4-hydroxyphenyl)propane (bisphenol-A or BPA), in
which Y is isopropylidene and A and A? are each p-phenylene. Depending upon the
molar excess of resorcinol moiety present in the reaction mixture, R’ in the carbonate
blocks may at least partially comprise resorcinol moiety. In other words, in some
embodiments of the invention carbonate blocks of Formula X may comprise a
resorcinol moiety in combination with at least one other dihydroxy-substituted

aromatic hydrocarbon.

Diblock, triblock, and multiblock copolyestercarbonates are encompassed in the

present invention. The chemical linkages between blocks comprising resorcinol
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4, 4' - bi phenyl ene, 4,4'-bi (3, 5-di nethyl)-phenyl ene,
2, 2- bi s(4~phenyl ene) pr opane, 6, 6' -
W@ 3003/03388' -t et ranet hyl -1, r-spi robi [ | H i ndan] ) Pen@s2006/035726
simlar radicals such as those which correspond to the
di hydr oxy-substituted aromati c hydrocarbons di scl osed
by nanme or fornula (generic or specific) in US.
arylagpaehapt mgmbarp an@glocknCarpprisienpiganissatbenas chaiRgngnsbeghmay
[ nic radical and in other enbodi ments a
unmﬁégggg?&éggggrnula X: Formul a Xwherein each A1 and A2
is a nonocyclic divalent aryl radical and Y is a
(a) abestedinkgge betiveal a suitabte dibarboreylwracidwesidas bban aty/smoiety
segﬁr te Al and . The.freg val ence ?onds [ Fornul?
d ap PeRisHa POetPLEROTEAN G CHPOLT MOI5HS T FAMPHT asAYRial A
illustkdted £ Brhlh X0 wherdi? fP QUAGstediBustigihd> has Formul a X
are bisphenols, and for the sake of brevity the term
"bi sphenol” is sonmetinmes used herein to designate the
diiydr oxy-substituted aromatic hydrocarbons. It should
underst ood, ghowever, that non-bi sphenol conpounds
i y al so be é&npl oyed as appropriate. In

_$ bd
ofC

substituted ferivatives thereof,
illust fve substituents (one or nore) being al kyl,
al kenyl, and hal ogen (particularly bronmne). In one

F nﬁﬁbgﬁinent unsubstituted phenyl ene radicals are
OIf¥%ferred. Both Al and A2 are often p-phenyl ene,

al t hough both may be o- or nphenyl ene or one o- or

and (&) pebyhas nkapd betieeeatddiphdpopheidut 8Ngresdietmdd biyige Mbiety
radical, Y, ii.s one in which one or, two atons,_separate
and g t(GFQ@mCO moigly af p PEganis carbosAls sapipkyRe sheyen #t Bepmula XII,
I ustrative radicals of this
whe%@%gag‘frl g%%gﬂré@gﬁﬁ%‘éﬂégr -S2-, nethyl ene,
cycl ohexyl et hyl ene,
O
|

o oot

~

Rn
Formula XII

The presence of a significant proportion of ester linkages of the type (a) may result in
undesirable color formation in the copolyestercarbonates. Although the invention is
not limited by theory, it is believed that color may arise, for example, when R’ in
Formula XI is bisphenol A and the moiety of Formula XI undergoes Fries
rearrangement during subsequent processing and/or light-exposure. In one
embodiment the copolyestercarbonate is substantially comprised of a diblock
copolymer with a carbonate linkage between resorcinol arylate block and an organic

carbonate block. In another embodiment the copolyestercarbonate is substantially
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2-[2.2.1]-bicycl oheptyl nmethyl ene, ethylene,
i sopropyl i dene, neopentylidene, cycl ohexyli dene,

wae ol opsat adecyl i dene, cycl ododecyl i dene, PCT/US2006/035726
adanmantyl i dene, and |ike radicals. In sone enbodi nents
gem al kyl ene (commonly known as "al kylidene") radicals
are preferred. Al so included, however, are unsaturated

ComPrmi@é pdtiblogk swhenaserbwelr ershanate ¢pRpobinest avitheatrbringtsHinkeges
12y, bIS enol - A or
betwll froeth b T YRR AR CEARIPLREREOR %A are
each p-phenyl ene. Dependi ng upon the nol ar excess of
Copolgsstercarhohatesowith yt lpast sentarbonatd Bnicaga dtivaan thérﬂfaHy sfable

o LSS ST S B U L
resoﬂél’fm ﬂfyﬂﬁéuéntﬁfmﬂgt@@oﬁ"}é%& Red BY AR seenmo‘aﬁhecthBf the

Fornul’a X may conprise a r sorcinol noiety in
mvemmrbmdaqomﬂmmg ithorgtenptwdirnersaeleasttome and in another embodiment

1ol o B M 2

moleenlap Wi tond eritdiBéR SE about 190D itd® Bboul B6,0008MHdGR hnother
| i.nkages between bl ocks conprising resorcinolaryl ate

embedigieht feAbsit 5.t bewidd. Aonbhers) Stﬁbbmwelyestm@rban@tes

ey S SO0 PO 0,
phosgers, du,ileasnfona nhan-glopper, i #tlyasaoet @hydlﬁ{ﬁ@u@um@immﬁc

organj c carbonate noiety, for exanple as typically
hydr?ﬁ:qugg}g S BreSTCROF AGHALYSy S“"b\/ﬁ%? LrHangsnyige. a5 previ ousl y

defined: Fornmula XI and (b) a carbonate |inkage

In orREHNRRR 2AcokiRRIOA wifheitd ploMedGfant fe2@net B gﬂiﬁﬂé abfend of
noletgzand a -"C=0 -0 noiety of an organic carbonate

a respietacteddsom Hasgrowmn ccp:mstmg af: yolyimides, polyetherimides,

polyetherimide sulfones, and mixtures thereof, a silicone copolymer and a resorcinol
based aryl polyester resin wherein greater than or equal to 50 mole % of the aryl
polyester linkages are aryl ester linkages derived from resorcinol is contemplated. In
the context of this invention the term "polymer linkage" or "a polymer linkage" is

defined as the reaction product of at least two monomers that form the polymer.

In some instances polyimides, polyetherimides, polyetherimide sulfones and mixtures
thereof, will have a hydrogen atom to carbon atom ratio (H/C) of less than or equal to
about 0.75 are of note. Polymers with higher carbon content relative to hydrogen
content, that is a low ratio of hydrogen to carbon atoms, often show improved FR
performance. These polymers have lower fuel value and may give off less energy
when burned. They may also resist burning through a tendency to form an insulating
char layer between the polymeric fuel and the source of ignition. Independent of any
specific mechanism or mode of action it has been observed that such polymers, with a
low H/C ratio, have superior flame resistance. In some instances the H/C ratio can be
less than 0.75. In other instances a H/C ratio of greater than about 0.4 is preferred in

order to give polymeric structures with sufficient flexible linkages to achieve melt
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wherein R and n are as previously defined : Fornmul a
Xl The presence of a significant proportion of ester
wo 2ovRagss1 of the type (a) may result in undesiPebUs2006/035726

color formation in the copol yestercarbonates. Although
the invention is not Iimted by theory, it is believed
that color nmay arise, for exanple, when RS in Formula

procepgabiligy.hedHéniatio Af agivenpelyms of gorsilymer o bg defermined
nder s.Fries r [

from { SRL RO SO ot EP R oY SRR ity P S A b endcp of

any ot awaRPrywrat @riacihoniedleepeat snthst antial Iy conprised of
a di bl ock copolyner with a carbonate |inkage between

resorcinol aryl ate bl ock d [ t .
In oy s e amorHa R RE AR B S EOpUsBElEdron Rt At
have Q?nigl':l’t@?l%@t%leﬁéé YA8ARAASALuC50 BWLIniPR K other instances the

carbonat e- est er- carbonate copol ynmer with carbonate
peak heat kelgass Wil badess thaneaboas¥ Wil Aatiyk 40 pedd lekredgage of

rgani c_car.bonat e engd- bl.ocks. ol yest er car.ponat es
more bt £ BURE B s S AP b PP TRR G B BB O o
articlbBAIBErbM (BRI RE SR HICBOA tithe )b bk HHaPfleadd m@Mdf greater

organi ¢ carbonate block are typically prepared from

than gheybt s1inges may bgwehievsk ai ni ng ol i goners prepared by
various enbodi nents of the invention and containing in

i | 0 in_.aneth i ment
B BERERL 55k, 0, S5 e ng i AL
sulfohaspind ahik yurésatherevvith tsilimuer copelymsr @odibeyil pokyesgtht resin one

contaGfieg HUFrL B Gl REsoar e S iiges: vil e e abnghr
examgteqmigl Fpstah hanGRRBhes LESR 2 RANF LSatdFaN P ot SPAMed

y reacting said resorcinol arylate-containing
measpfeid gores EMunethop Pd 902 e other instsases thapereprtihaze olobper |

wansfin SomeBRoPH 3 e EL YA TP BT RoR) TR g
about B¥%. B ythamdrieediments the percent transmittance will be greater than about
60% and the percent haze less than about 20%. In still other instances the
composition and article made from it will have a transmittance of greater than about
50% and a haze value below about 25% with a peak heat release of less than or equal

to 50 kW/m>.

In the flame retardant blends presented herein the polyimides, polyetherimides,
polyetherimide sulfones and mixtures thereof may be present in amounts of about 1 to
about 99 weight percent, based on the total weight of the composition. Within this
range, the amount of the polyimides, polyetherimides, polyetherimide sulfones and
mixtures thereof may be greater than or equal to about 20, more specifically greater
than or equal to about 50, and even more specifically greater than or equal to about 70

weight percent.

In another embodiment a composition comprising a flame retardant polymer blend of;
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In one instance a conposition with inproved flane
retardance conprising a blend of a resin selected from
W0 b@78338p consi sting of: polyimdes, polyethePCTUSME6/035726
pol yet heri m de sul fones, and m xtures thereof, a
silicone copolyner and a resorcinol based aryl
pol yester resin wherein greater than or equal to 50
a) nol e %bPIPhy weight of ¢l ppbetheringilepalretheainaide pylforsandr
.l inka derived fromresorcinol is contenplated. In
mlmtlrﬁseﬁlg%ﬁf’ext of this invention the term "polyner
i nkage" or "a polyner |linkage" is defined as the
b) reacti @9-praduetighfofan drgastyettenresinnonsisng hokeadtGOmM
t he pol yngr, I n,niom i nstances pol yi m des,
moledafesaeiigt {51V dinkpg Sy et heri ni de sul fones and mi xt ur es
thereof, will have a hydrogen atomto carbon atom
o) ratio (d#.Shondy Weht 6M3McRE c68Ighet © about 0.75 are of
note. Polymers w th higher carbon content relative to
hydrogen content, that is a lowratio of hydrogen to
d) car bon G2O%y weigktrpimew: Mg BBHOFReHer f or nance.
These pol yners have | ower fuel -value and may give off
iSCO{ltEﬁlgla? rgy when burned. They nmay al so resist burning
rough a tendency to forman insulating char |ayer
bet ween the polyneric fuel and the source of ignition.
In otherciemrena emhpasitiangonspedg 4 fanve odtad agpotymerddendods;
action it has been observed that such polyners, with a

0 DR e ekl st T B hlp PR bERERCHRE sfns O

resin§t her instances a HC ratio of greater than about 0.4
is preferred in order to give polyneric structures
with sufficient flexible |Iinkages to achijeve

b) 1% by Secighd #bPns ey moreEY oty ssiet FobeRate IS CANIFIY g least
50 m%[c%%@@ﬂcﬁﬁgﬁe&%ﬁ 1B&agigt er mined fromits chenical
e

structur y a count-of carbon and hydrogen atons

I ndependent of any other atons present in the chem cal
o) Okepestbyuveight df nilisonecepmdgrert he fl ane retardant pol yner

bl ends, and articles nade fromthem wll

d) 0-20% by weight of one or more metal oxides, and
e) 0-2% by weight of one or more phosphorus containing stabilizers,

is contemplated.

Thermoplastic polyimides have the general formula (XIII)

a (Formula XIII)

wherein a is more than 1, typically about 10 to about 1000 or more, and more
preferably about 10 to about 500; and wherein V is a tetravalent linker without

limitation, as long as the linker does not impede synthesis or use of the polyimide.
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have 2 m nute heat rel ease of |ess than about 50

kKWmn/n2. In other instances the peak heat rel ease
wowdoy/obessl ess t han about 50 KWnR. A tinme to pPERUR®aE/035726

rel ease of nore than about 2 mnute is also a

beneficial aspect of certain conpositions and articles

made fromthem |In other instances a time to peak heat

Suitable| lidets inlade it agrroidiapitedrion (Assbttitaedpnunsabstiaipdhe

. .en .
st B oy SRR BRI R B i st
to abautcbOndaxtiomragsmd, Ifley sabftitwiet] lor shéubstneds el viBrandnd, ar vl

ol yester resin containing at | east 50 nol e%
Saturfﬁsci b W%&rataiﬁﬂvwovag&l {0 00UL30 GBOLPETBRL,  For
i t: i .
combRAITRS GhehRY pﬂ:f&regqm& dn&lﬁé@ﬁﬁf' dd ﬁ‘&gﬁ'ntl)l?/éd A@%&ﬁﬁ

of greater than about 50% as neasure
arom@iQGdicalsrof dorera Caidh)aswebsist he percent haze of these
transparent conpositions, as nmeasured by ASTM net hod

D1Q03 W) I ke ss.than about 25% In other
enb nts th t transmttance will be greater
th

t 6 percent haze | ess than about
20% In still other instances the conposition and
article made fromit will have a transmttance of

bout 5 a val ue bel ow about

25% ak sedt r @ss than or equal to
50 k . I'n the fla etar | ends pr@santleXIV)

herein the polyi m des, polyetherimnm des, polyetherimde

sulf,ones..apnd. m xtures thereof may be present .in
wherglh b 108 3R i SR Yo Bl S ER 20" “BraciP)-
SO,-080-he ot @) b¥iBg ah int@er Floeh €eNPPRaLd fiOGronMEd BédvdiRES

range, .the amount of the polyimdes, polyetherimdes,

therepfg Iilggﬁéltw par{laerogiyienn gxouanPr & steun efshe Fasmubt -QréiyObe
Wher%?ggét giﬁfalteﬂ%ngg of Y %V— to? tI?eb-Qﬁk—(g—ogroHP bR in RS ,§ ", §,§', |4}é "

or the 4,4' positions, and wherein Z includes, but is not limited, to divalent radicals of

formula (XV).
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than or equal to about 50, and even nore specifically
greater than or equal to about 70 wei ght percent. In
wa@p@viassenbodi ment a conposition conprising aP€T/aRm®06/035726

retardant polyner blend of;a) 1-99% by wei ght of a

pol yet heri m de, polyetherim de sulfone and m xtures
thereof, b) 99-1% by wei ght _of an aryl polyester resin

'ni ng gF~east Hr esor ci nol deri ved

I ges, C) -30% i ght of silicone copolyner

d)>0- 20% by ght ’of €@ or nore netal oxides, is
contenplated. In other aspect’a conposition conprising

etardant p er bl end of; a) 50-99% by
( )ne or nr . d<> mi de or,
A m de sul f ohe’ r esi b) 1:50% by wei ght of

one or nore aryl polyester carbonate resins containing

H;C at I east S%I e%.kesor ci nol i ved |inkages, c)
-10% b i ght o sili cong”¢c@pol yner d) 0-20% by

4' \htone or i des, and e) 0-2% by
ht @ one or rm rus containing

st abl lizers, is contenpl ated.\ Thernopl astic polyi ni des
have t he general Bs6r mul a (X1 I(§H3( Formula XI11) wherein

a i's nogs Heal | y about 10 to about 1000 or
nore, and
, and
H;C Br Br CH;
3G CH,
H;C
? CH, (Formula XV)

R in formula (XTIII) includes but is not limited to substituted or unsubstituted divalent
organic radicals such as: (a) aromatic hydrocarbon radicals having about 6 to about
20 carbon atoms and halogenated derivatives thereof; (b) straight or branched chain
alkylene radicals having about 2 to about 20 carbon atoms; (c) cycloalkylene radicals
having about 3 to about 20 carbon atoms, or (d) divalent radicals of the general
formula (XVT)

‘—< >—Q /
AN (Formula XVT)

wherein Q includes but is not limited to a divalent moiety selected from the group
consisting of -O-, -S-, -C(0)-, -SO,-, -SO-, -CyHpy- (y being an integer from 1 to 8),

and fluorinated derivatives thereof, including perfluoroalkylene groups.

Some classes of polyimides include polyamidimides, polyetherimide sulfones and

polyetherimides, particularly those polyetherimides known in the art which are melt
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preferably about 10 to about 500; and wherein Vis a
tetravalent |linker without limtation, as long as the
WO 2ovR@Bs38Des not i npede synthesis or use of thRCT/US2006/035726

pol yi m de. Sui tabl e Iinkers include but are not linmted
to: (a) substituted or unsubstituted, saturated,
unsaturated_or aromatic nonocyclic and pol ycycl i

procgss i SUFRYS thgseabere psm%&@eaa% PIPEEs Bhdeser m(lb§

Pateﬁyb%bBbggﬁﬂd@@oﬁ'@&@bSt'tUt ed, linear or branched,
saturated or Unsaturated al kyI groups having 1 to
about 30 carbon atons; or conbinations thereof.

Poly@h@ﬁraidleedsins mkje psmplris:al macke thent 1, aypgcaibt aboutri @ edabioat 1000 or

aval en of for
more, §id Bft ikt P& bl p0 g \"ﬁéms s%%mu?a
(XVHg! ect ed fromthe group consi sting of -0,
-C(O-, SO-, -SO, -CyH2y- (y being an |nteger from1

to 8), "and fluoronated derivatives t hereof, including

er f 1 uor oal kylyjene groups, or a group of the forml a

] gﬁ _dival ent bonds of the -W or the
inthe 3,3, 3,4, 4,3, or the 4, 4

ositions, and® wherein Z includes, but is not limted,

@0 divalent radicals of fornula (B$MaulaPopmyl a XV) R in

formula (XI11) includes but is not limted to

utedor bstituted dival ent organjc ra
whergiih st - OF A EreHRgRs iyl Bzt orha o8 ey rag:
-O- GRRRIO- Q bOgrd ﬁlilffe I%Qh&SiB'bSP ', a0k (4R RRAN. aaﬁlﬁ%herem Z
derivativesS thereof straight or branched chain

inclugdesc Piiein @ot hiteds|te dhfalﬂnhlgldmbbmf formuda E¥¥Nes defined above. In

one Ent b ARl G Ry G Dl i i B e

copobeine Mixfueesnaflthe pfyin)idé, polyaHeaini¥# Jor polyetherimde sulfone may

also be employed.

The polyetherimide can be prepared by any of the methods well known to those
skilled in the art, including the reaction of an aromatic bis(ether anhydride) of the
formula (XVIII)

o) O
LSOOy
0 ' (Formula XVII)

with an organic diamine of the formula (XIX)
H,;N-R-NH, (Formula XIX)

wherein T is defined as described above and wherein the moiety R in formula (XIX)
includes but is not limited to substituted or unsubstituted divalent organic radicals
such as: (a) aromatic hydrocarbon radicals having about 6 to about 24 carbon atoms

and halogenated derivatives thereof; (b) straight or branched chain alkylene radicals
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wherein Qincludes but is not imted to a dival ent
noi ety selected fromthe group consisting of -0, -S-,
WO Gogp3538t SC2-, -SO, -CyH2y- (y being an i nt eBEr/UB2006r035726
1 to 8), and fluorinated derivatives thereof,
i ncl udi ng perfluoroal kyl ene groups. Sone cl asses of
pol yi m des include pol yam di m des, polyetherim de
havirgafoyhd 0 aheyt PO rarbematoms; (d syclpalkyleneitadidals halvimgeabout 3 to

im.d ' h .t which.are
o2 LTS B AR s DL BT anc
properties are described in U S. Patents 3,803,085 and

Exarple0&f pééific Rainyeicheés arhiyd ﬁ'démﬂnﬁgmdigmiﬁo om’s lagediseibeed, laor

th i cal | 0 10 to about 1 or. nore, an
exaﬂ}?&%@ﬂ lb‘ﬁeé%‘g%' CS&%{?@?@% 6’4155’4%0181&13%%%?@8\3& phpromatic
; ' A 1 erein T
bis abfjdrfics BLdoes $ LA\ pRETRDed) lrpodBEN € 1
diankjidyideeht -his(Bdsdicirbodyphe®x yodiphdrey] etﬁeidi@ah}giridam,édfnﬁs(t& -
. h 3 ' 4.3, or the 4.4 pasjtions, an
dieaifyrlipon)dperyhdunas gRhmdiRsa A B8R 00w el ent
dicarbagyphehsk yWenkOSHBHbze &i&;ﬁdydaﬁe%ﬂiﬁiﬁg,zﬁbov e. In one

n

enbodi nent, the polyi e, polyetherimde or

dicarhexypheperydieenylisyline digpjiydiades 20obisl4/@st. M xt ures of

: i i t IJxl.de of et heri nde sul fone
dlcal%ngé Iai é%a%}ggmgjé% Jl%#éﬁ% g?yég{ hbgsglb’%’n de can be
dicarboeyphierck yidipkeny] etheit dienhiyeitidogg4'vséR,3known to those

killed iq, the cluding the reaction of an

dicarﬁ?’@f?&‘f’?%"y lglewﬂéilfié%avawda@ﬁ bRk Formula (Xvi11)
dical{)Eﬁ%ﬁeh&yﬁénkéﬁhe%ﬁéﬁdﬁ&ﬂmém,&uBié(@!ﬁ‘- ne of the formla

dicar%())()liyphenoxy)diphenyl sulfone dianhydride; 4~(2,3-dicarboxyphenoxy)-4'-(3,4-
dicarboxyphenoxy)diphenyl-2,2-propane dianhydride; 4-(2,3-dicarboxyphenoxy)-4'-
(3,4-dicarboxyphenoxy)diphenyl ether dianhydride; 4-(2,3-dicarboxyphenoxy)-4'-
(3,4-dicarboxyphenoxy)diphenyl sulfide dianhydride; 4-(2,3-dicarboxyphenoxy)-4'-
(3,4-dicarboxyphenoxy)benzophenone dianhydride and 4-(2,3-dicarboxyphenoxy)-4'-
(3,4-dicarboxyphenoxy)diphenyl sulfone dianhydride, as well as various mixtures
thereof.

Another class of aromatic bis(ether anhydride)s included by formula (XVIII) above

includes, but is not limited to, compounds wherein T is of the formula (XX)

OO
(Formula XX)

and the ether linkages, for example, are preferably in the 3,3, 3,4, 4,3, or 4,4'

positions, and mixtures thereof, and where Q is as defined above.

Any diamino compound may be employed in this invention. Examples of suitable
compounds are ethylenediamine, propylenediamine, trimethylenediamine,

diethylenetriamine, triethylenetertramine, hexamethylenediamine,
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H2N- R-NH2 (Formula Xl X) wherein T is defined as
descri bed above and wherein the noiety Rin fornula
w@ 200x03338c| udes but is not limted to substituP€rUS2006/035726
unsubstituted dival ent organic radicals such as: (a)
aromati ¢ hydrocarbon radi cal s having about 6 to about
24 carbon atonms and hal ogenated derjvatives thereof;
heptaynthylanediagiine, eetamethylenediaming Ronaurefhderediagingal shavi ng

e PR B,
memjlﬂéptﬁkitlmtlb?édlirﬁﬂb‘f.‘/&#-%inﬁéth&lh&p@ﬁf&ﬁt}@dneﬂmmmﬂ 4- (X}j/l ).

es O t
meth g G YA S A 8oy BEPUREy P B b e. | US
d1metﬁ?ﬁ1@£‘§rﬁet§?rlggf%ha?%e anel dﬂgé‘tﬁ?lhéﬂtgmeihly dnsdinidey 8, #xanpl es

ar onmat i's anhydrides’ 1 ncl ude
dimetByBrdpyd¢nediaByice, N-mathlybkispBenurgnrppdhyininss dpane

di car box

methox dl n h dr ﬂ%&}’rﬁée q Zc'&lspo Fugl rg)paopoxy)og{ﬁnostg Emmo%ropyl)
sulfldel parclgepél(ﬁmﬁe&xﬂﬁrﬂl ﬁlafzm;ékmﬁwytﬂdﬁex;d) ARAE inle;

4 d|carboxyphenoxy)benzophenone

phensdmmdwmnc,depheanywnecbm@(r@, 2.4-dipmmobdnsAsh Avhigmiapishesng) m-

sul f d
xylyl%ﬁiledg 1§t)3( Ir oxy %fhp aé%ﬁ%&%thi}] I%S/3 d]i;he(rj\\élene -diamine, 5-
methyl-46-dtsy(1 2, §phdiyihﬁébﬁamimhd§mw)ﬁh pi3emyhetaylbenzidine, 3,3’
dlmetglb}??bhe@glrdé;je:}]ﬁ%gm@gha&ﬂ@ eng; ]((;ar g%ﬁ%g eenrgr%xr}i%tgm%hg H
e - -
chlor8' 4G ﬁﬁ%ng@&Hg%ﬁ%ﬁfj@oxyp%{kgg% 3| i r?g}igﬂﬁl}jﬁro ane, 2,4-bis(p

one

amm«sl-ltwbut}glr)dnluém?, bis(-2m3acei- bty lphryyih ether ia)s(m:me(lwm-
ammgllg}fegg/]g% B)dgyzé) g l%as&—%(mwopentgf)%@azne%e %n(ﬂXr%{r{od
1sopr§[&rlﬂerﬁbﬂ@ bQWXﬁBﬁEH&WlFHuMHW ¥ls @tafghophieay yalFirdebis(4-

|carboxyp enoxy) -4' -

amm@ﬂlemyld iether bkl éﬁ@ﬁ%ﬁw@nm@ﬂwﬁg@ﬁwk@ﬂmmmﬁa yixtass of
these co%’oﬁn&l rﬁ% QQ&X@&%HO )ﬁ% p?'eferred diamino compounds are aromatic
diamines, especially m- and p-phenylenediamine, sulfonyl dianiline and mixtures

thereof.

In one embodiment, the polyetherimide resin comprises structural units according to
formula (XVII) wherein each R is independently p-phenylene or m-phenylene or a

mixture thereof and T is a divalent radical of the formula (XXI)

CH; (Formula XXI)

Included among the many methods of making the polyimides, particularly
polyetherimides, are those disclosed in U S Patents 3,847,867, 3,852,242, 3,803,085,
3905,942, 3,983,093, and 4,443,591. These patents mentioned for the purpose of
teaching, by way of illustration, general and specific methods for preparing
polyimides.
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(3, 4-di car boxyphenoxy) benzophenone di anhydri de and
4- (2, 3-di car boxyphenoxy) - 4' -

w@ 3040838ar boxyphenoxy) di phenyl sul f one di anhyPeT/U820066835726
wel | as various mxtures thereof. Another class of
aromatic bis(ether anhydride)s included by fornula

(XVI11) above includes, but is not limted to,

Polyl@aﬂ% Hﬂd@ﬂlﬁm&@s gd pelyetherimide sulfoneimay xyg a meftiedemala
about @) {(2 ?ﬂg.{t Ii@ g%rﬂﬁger ?&@Q%u{ 915 n%ﬁ@ﬂ.&]i ﬁy A%{e?lcan S?metx for

pre y int
Testing Maidridlu(LSTN Ex1288 at 0B 7OPE] ik & 6.6381088hnh u@d vRDDY. el
Any dj am no conpound nmay be enployed in this

a one GRRadimER, thepahisihesimide wsintap pevaigipoenas malasular weight

(wa(tr)f{%gé)t ﬂﬁ?jene ﬁmuﬁfewog]ﬁg E §ll’e a( /mole) as measured by gel

permtatlcmtcﬂny(blﬁalegmphy,amnga polystyrene standard. In another embodiment

e SSRGS D00 FERENGL B alar it resins typically

have Qﬁ? ‘i&ﬁﬂﬁh@ ylseheq g?gﬁtéﬁhanlab]e%t 099REAGY AR (dV/g), preferably

18- oct adecanedi am ne, 3-
abouh%ﬁﬁyq :mggt gﬁ&l@yﬁm%d ammﬁ@esol at 25°C. Examples of some

polye%he(nnﬁi fegﬁe éqh éw?e?i delreanrln At ehsted in ASTM D5205

"Starﬁlaﬂf@hyﬁﬁ@mﬁﬁiﬂybﬁéhﬂﬁﬁﬂbl@%eﬁmlc?e @EI) Materials”.
di met hyl hexamnet hyl enedi am ne,

2, 5-di net hyl hept anet hyl enedi am ne, 2,

Any ${oFapngIRo YRS @A S8 M iRe femlwwm%wn{psovgmw EPgASS
perfo?rﬁhﬁlﬁ of e Ok ﬁ%ﬂeﬁﬁs‘lﬁ;ﬁ{e 5&%9 %fg&a?g c%)l%mers 91

bi s(3- am nhopr opox ane,
poly@lnﬁrfrmdes, pmb@ﬂmylmldﬂwﬂbn@sd pa]lylslllﬁ)nes polyphenylene ether

sulfoBespB(él%gt% g.lgfoﬁgﬁ ﬁgﬁlpéerb e@fzg %}1 In o?helr ?nrgtarr]lges

polyefh@imtlida Bripl yhibdhnfie sld4nY b@ﬁtﬁﬁh@"&dﬁ%lymers maybe effective in
p- xyl yl enedi am ne,

reducingkqah yglease gndirapraying IPRanq@f%myan Migiuaesi afeiff@ent types of
silox%ﬁwé{yﬁn%a?%gﬂegléﬁﬁo \!Ierﬁléla%%f §¥lo§ e c%lpo r?m%% wgﬁ Promdid’] 5o

wt% siloxane content are preferred in some instances.

The block length of the siloxane segment of the copolymer may be of any effective
length. In some examples it may be of 2-50 siloxane repeating units. In other
instances the siloxane block length it may be from 5-30 repeat units. In many

instances dimethyl siloxanes may be used.

Siloxane polyetherimide copolymers are a specific embodiment of the siloxane
copolymer that may be used in the blends of this invention. Examples of such
siloxane polyetherimides are shown in US Patents 4,404,350, 4,808,686 and
4,690,997. In one instance polyetherimide siloxanes can be prepared in a manner
similar to that used for polyetherimides, except that a portion, or all, of the organic
diamine reactant is replaced by an amine-terminated organo siloxane, for example of

the formula XXII wherein g is an integer from 1 to about 50, in some other instances
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di met hoxybenzi di ne, 1, 5-di am nonapht hal ene,
bi s(4- am nophenyl ) nethane, bis(2- chloro-4-am no-3,
wG 27084391 phenyl ) met hane, bi s(4-am nophenyl) PCDPS2V66/035726
2, 4-bi s(pam no- t-butyl) tol uene,
bi s(p-am no-t-butyl phenyl) ether,

bi s nmet hyl - oam no henyl ) benzene
g maj bg %@%@M@ﬁ%a@ﬁtﬁ éy I9)anssz alkal omarylalky aygupef from

2t 2@%&%5 gnzene, bi s(4 am nophenyl) sulfide, bis

o4 am nopxﬁenyl ) sul fone, bis(4- am nophenyl) ether and
I 3 bi s(3-am nopropyl ) tetranethyl di sil oxane. M xtures
of these conpounys may al so be used. The preferred

di ami no| compounids, arg” aromati c di ani nes, especially m
HoNen &' p=1Bi OSi-rOBe—RUt NIyl di ani | i ne and

m xturep thereof ./ I nf one enbodi ment, the

pol yet heri m\de r¢sin conprises structural units

according to forflila (XVI1) wherein each Ris

i ndependent |y p-phenyl ene or m phenylene or a m xture

thereof and T is a divalent radical of the fornula

(XXI) (Formula XXI) Included anong the man{oRBHRAHEIbf

maki ng the polyimdes, particularly polyetherim des,

Somépalyéth@iddiifoxbasada 5}' be {dred’BY EdkBom 0§£117®1%§171c diamine, or
3,8%2, 242, 3,803, 08 3905, 942, 3,983, 093

mixtyge phdtananes, qifesaulgXighans the hmirmntéunmﬁedtohganp@ﬂm obf
formﬁlﬁaﬁ?ﬂé Qﬂ({l oBY o ¥ Jlaﬂﬂfdﬁﬁésro%&érg@,ﬂﬁ,%f %b am%q 76 ecific

preparing-po

compookne triag b lphfgISiSalmlmx}ad Ipyiet hﬁﬁdtd’doﬁﬁmﬂuihé @ﬁbeaﬂmrylrlﬂé(y)@ thas
ndex of apout out 10 grans m nut e
fOTmW/%Uhatantﬁ’élYﬁ%f&@m e%POBgm%e tPr@aﬁveébé?O@wrfa MatEg  ng
copo%{eﬁsr ﬂn@if Be fﬁ%@%y@&l%@@v&%aéﬂ)g “oF %d%(ﬁgmﬁh gla%hydrldes
ogram (kg) weight. In a one enbodi ment
to mq&@ Ipplyithisiciiocke thas sresubsesjuentiyeicgdted togethagdn andtberihsiance

the si\f\&lagg fised to prepare the polyetherimde copolymer may have anhydride rather
than amine functional end groups, for example as described in US Patent 4,404,350.

In one instance the siloxane polyetherimide copolymer can be of formula XXIII
wherein T, R’ and g are described as above, n is from 5-100 and Ar is an aryl or alkyl

aryl group of from 6 to 36 carbons .

@) O ] O 0
Z 3 =z . | . AN
AT L wligbn NI O
@) @] g O O n
(Formula XXIII)

In some siloxane polyetherimides the diamine component of the siloxane
polyetherimide copolymers may contain from about 20 to 50 mole % of the amine-
terminated organo siloxane of formula XXII and from about 50 to 80 mole % of the

organic diamine of formula XIX. In some siloxane copolymers, the siloxane
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(Mv) of about 10,000 to about 150,000 grans per nole
(g/nole), as neasured by gel perneation

W@ booosi3syr aphy, using a pol ystyrene standar d. P€TYUS2006/035726
anot her enbodi nent the pol yetherim de has Mv of 20, 000
to 60, 000. Such polyetherimde resins typically have
an intrinsic viscosity greater than about 0.2

compgaent|copi@ains fear aui gy (@IpPay 40 prad¢ & elishy aminsuar aphghideo
: measured in mcresol at 25C. Exanples
term]gl%ggtco’ﬂén%%?%;(eagﬁeri m des useful in blends described
herein are listed in ASTM D5205 " St andar d
The Kiplafsxdraloasduius dayidtighnehsite dohgatioher the cdepoBlEbjs make them

terials". Any siloxane copol yper can be used in
wsefuf4rppAORBUR slthset?ﬂﬁhf‘;s% _@‘%’ﬁgg‘ﬂ destange sadgmage by
impagi@e[nﬁ%[s%fl&% sBffichdhe PR SH tHaPlhey W11 $0Bed HWARGHTer load.

| oxane copol ymers of pol yet hefi mdes, polyetherimde
The conttfieation of pwighsess f shows, in highyghdregatibe aicbreak stiffuessf asrshewn

. | yet her sul fon ol yphenyl ene et hers e, used.

in o g Bl il G ey ARG paliat B uiTHeiclsans o

values] hmakedhBetS ONbiRbNAiBles ChRaled TRINS tHEBY Bsinsdsitfmk v¥g) isful. For
reduci ng heat rel ease and i nproving per f or mance.

examplegugh glzcetsfcag be fugecelior thegeastrestioniof yrlziples Eu pngpastasionr e
. .S | s 20-50

for i SN R Sheriohs PR SRR B 0 T2

consthingioh] Siektslcambé hsealf astphepased, Goraramproivesxirusion] ddnpression

copol [ M e o ny effective length. In sone _.
mold&&@ﬁﬁ%fégdqrtngryﬁas Ca%rbsﬁ*%ms raed g shaged gb@@@r mgtheds (Films
. N y .
and sfheet@earheansd &Séo%gfoﬁémg mnﬁﬁén%@x Rl@akydr 25 ch&%s‘;l@%o@

rom5-30 repeat units. | y I nstances di net
impagii is e $n sraye nstansesdy [Bivingeaessijealgngntien attireak, for

copol yners are ecj.fi odi ment . of the sjloxa
exanb0 8 SREPTodIhA SESTBE o RSt siEitn: e Sialtq Bool 5.
Highl si¥faéds ii9shownXa e e SnsencsiiShhaving a flexural modulus, for examples
as measured by ASTM method D790, of greater than or equal to about 390Kpsi (2691
Mpa).

It has been found that the addition of a metal oxide to the blends of polyetherimide,
siloxane copolymer and resorcinol ester containing polymer can further improve
flame resistance (FR) performance by decreasing heat release.and increasing the time
to peak heat release. Titanium dioxide was found to be effective. Other metal oxides
include zinc oxides, boron oxides, antimony oxides, iron oxides and transition metal
oxides. Metal oxides that are white may be desired in some instances. Metal oxides
may be used alone or in combination with other metal oxides. Metal oxides may be
used in any effective amount, in some instances at from 0.01 to 20 wt% of the

polymer blend. The metal oxides may also contain silicone atoms.

Other useful additives include smoke suppressants such as metal borate salts for
example zinc borate, alkali metal or alkaline earth metal borate or other borate salts.

Additionally other boron containing compounds, such as boric acid, borate esters,
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instance the siloxane Used to prepare t
retalq:mtswee hreaiyhpleosplopey, ;menewlqs)hok;ﬂmee mqﬂmdylj pesphatd) brsptédsrgm
ct I cribe
A ph‘?rﬁ’ a%’hﬁu F?Ils org?"i@‘ﬂo ny]lu‘ﬁp%??@g?tﬁ gg@é %t“h &3 gr g “oxane
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phosphates, dibutyl phenyl phosphate, 2-chloroethyldiphenyl phosphate, p-tolyl
bis(2,5,5'-trimethylhexyl) phosphate, 2-ethylhexyldiphenyl phosphate, diphenyl
hydrogen phosphate, resorcinol diphosphate and the like.

In some instances it maybe desired to have flame retardant compositions that are
essentially free of halogen atoms, especially bromine and chlorine. Essentially free of
halogen atoms means that in some embodiments the composition has less than about
3% halogen by weight of the composition and in other embodiments less than about
1% halogen by weight of the composition. The amount of halogen atoms can be

determined by ordinary chemical analysis.

The composition may also optionally include a fluoropolymer in any effective amount
to provide anti-drip or other improved properties to the resin composition. In some
instances the fluoro polymer may be used in an amount of 0.01 to about 5.0 %
fluoropolymer by weight of the composition.. Some possible examples of suitable
fluoropolymers and methods for making such fluoropolymers are set forth, for
example, in US Patents 3,671,487, 3,723',373 and 3,383,092. Suitable fluoropolymers
include homopolymers and copolymers that comprise structural units derived from
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The blends may further contain fillers and reinforcements for example fiber glass,
milled glass, glass beads, flake and the like. Minerals such as talc, wollastonite, mica,
kaolin or montmorillonite clay, silica, quartz and barite may be added. The
compositions can also be modified with effective amounts of inorganic fillers, such
as, for example, carbon fibers and nanotubes, metal fibers, metal powders, conductive

)

carbon, and other additives including nano-scale reinforcements.

Other additives include, antioxidants such as phosphites, phosphonites and hindered
phenols. Phosphorus containing stabilizers including triaryl phosphite and aryl
phosphonates are of note as useful additives. Difunctional phosphorus containing
compounds can also be employéd. Stabilizers with a molecular weight of greater than
or equal to about 300 are preferred. In other instances phosphorus containing
stabilizers with a molecular weight of greater than or equal to 500 are useful.

Phosphorus containing stabilizers are typically present in the composition at 0.05-
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miniRFR8 R&der toivoRIGRBesive degradation of the resins. It is often desirable

to maintain the melt temperature between about 250°C and about 370°C in the molten

resin composition, although higher temperatures can be used provided that the
residence time of the resin in the processing equipment is I{ept short. In some
embodiments the melt processed composition exits processing equipment such as an
extruder through small exit holes in a die, and the resulting strands of molten resin are
cooled by passing the strands through a water bath. The cooled strands can be
chopped into small pellets for packaging and further handling.

The compositions of the invention can be formed into articles by any number of
methods. Preferred methods include, for example, injection molding, blow molding,
compression molding, profile extrusion, sheet or film extrusion, gas assist molding,
structural foam molding and thermoforming. Examples of such articles include, but
are not limited to, cookware, food service items, medical devices, trays, plates,
handles, helmets, animal cages, electrical connectors, enclosures for electrical
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Comppstiens fiscupssd Rersin may be converted to articles using common

thermoplastic processes such as film and sheet extrusion, Film and sheet extrusion
processes may include and are not limited to melt casting, blown film extrusion and
calendering. Co-extrusion and lamination processes may be employed to form
composite multi-layer films or sheets. Single or multiple layers of coatings may ,
further be applied to the single or multi-layer substrates to impart additional properties
such as scratch resistance, ultra violet light resistance, aesthetic appeal, etc. Coatings
may be applied through standard application techniques such as rolling, spraying,
dipping, brushing, or flow coating. Film and sheet may alternatively be prepared by
casting a solution or suspension of the composition in a suitable solvent onto a
substrate, belt or roll followed by removal of the solvent. Films may also be
metallized using standard processes such as sputtering, vacuum deposition and

lamination with foil.
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The films and sheets described above may further be thermoplastically processed into
shaped articles via forming and molding processes including but not limited to
thermoforming, vacuum forming, pressure forming, injection molding and
compression molding. Multi-layered shaped articles may also be formed by injection
molding a thermoplastic resin onto a single or multi-layer film or sheet substrate as

described below:

1) Providing a single or multi-layer thermoplastic substrate having optionally one or

more colors on the surface, for instance, using screen printing of a transfer dye.

2) Conforming the substrate to a mold configuration such as by forming and
trimming a substrate into a three dimensional shape and fitting the substrate into a

mold having a surface which matches the three dimensional shape of the substrate.
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All patents cited herein are incorporated by reference.
" EXAMPLES OF THE INVENTION

Blends were prepared by exirusion of mixtures of resorcinol based polyester
carbonate resin with polyetherimide and silicone polyimide copolymer resin in a 2.5
inch single screw, vacuum vented extruder. Compositions are listed in wt% of the
total composition except where noted otherwise. The extruder was set at about 285 to
340 °C. The blends were run at about 90 rpm under vacuum. The extrﬁdate was
cooled, pelletized and dried at 120 °C. Test samples were injection molded at a set

temperature of 320-360 °C and mold temperature of 120 °C using a 30 sec. cycle time.

Properties were measured using ASTM test methods. Melt flow rate (MFR) was run
on dried pellets as per ASTM D11238 at 295 °C using a 6.7 Kg weight. All molded
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Note that letters designate comparative examples while numbers designate examples

of the invention.
Materials

Resorcinol ester polycarbonate (ITR) resin used in these examples is a polymer made
from the condensation of a 1:1 mixture of iso and terephthaloyl chloride with
resorcinol, bisphenol A (BPA) and phosgene. The ITR polymers are named by the
approximate mole ratio of ester linkages to carbonate linkages. ITR9010 has about 82
mole % resorcinol ester linkages, 8 mole % resorcinol carbonate linkages and about

10 mole % BPA carbonate linkages. Tg = 131°C

PEI = ULTEM 1000 polyetherimide, made by reaction of bisphenol A dianhydride

with about an equal molar amount of m-phenylene diamine, from GE Plastics
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1.3

Table 2 shows a series of PEI blends with various amounts of a resorcinol ester

polycarbonate and 1 to 4% of a silicone polyimide copolymer. Examples 3 — 9 all

show a very low two-minute and a low peak heat release. Samples all show a high

MFR indicating good melt flow. HDT is greater than 150 °C in all examples. The

examples also all have a flexural modulus of > 400 Kpsi (2760 Mpa). Also note that

even with low levels of the polyetherimide, for instance, in examples 6 and 8 where it

is less than half of the total blend, surprisingly low heat release values are still

achieved. In this set of experiments examples 3 — 9 have 3.0 parts per hundred (phr)

titanium dioxide and 0.1 phr of a tri-aryl phosphite present.
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conpression nolding. Milti-layered shaped articles nmay
al so be forned by injection nolding a thernoplastic

WO e@7/338t 0 a single or nulti-layer filmor sheer/US2006/035726

substrate as described below 1) Providing a single or
mul ti-layer thernoplastic substrate having optionally

one or

nore colors on the surface,
Tableszr een printing of a transfer dye.

for

i nst ance,
2) Conform ng the

usi ng

substrate to a mold configuration such as by form ng

- no trinm
Xamy app an

1ng

%_tlrd

LEDS[T a

the

e LNt
ubst r g

—a
te 1 ntg

WQ}H‘E

h a ol

S Qnal
H havi

(’139

PEI surface W
ITR90t1€|e substir

nol d
PEL-Sibaxenepi ecd

MIﬁﬁhS

2. £ 3)
caV|ty
péomar

t chades

joec
béﬁlnd
en2fy

t he3.q hr
ti 90
t he sU
borided

eed4sd nt
f
bstiTt at ¢
t hEée- ¢

alth

bnsdosna
Dl Lic
e to (|

1 nBAsi

ghape
r&ghn
produ
onad0 pr

076.0
i Ny,
ce"a
odddt

Heat l&[eas(al 1) 1

ted g

2 min ng mzérglz
Peak (kﬂ/rﬁzﬁ‘e ng

al so” appr
Time tqberkiMeat

ransf er
ubst r at
ubstr af

| deg rq
eci ate

i oft%r ¢

a pat
etot
e, 1§ hu
2Si gy T
that c
ceses

fern or
he inje
s id¥par
hosg sk
onmon g

i Ad? ud

aest hd
cted rg
tidg th
ilggdi
uring
|nﬁﬁ%nj

pt1 c ef
BSi N an
e dest
n the
and sur

et |

ect fr
d renpyV
neti’c ¢
art |
face
mi2t0éd

om a
e the
f f €2t

I a4

ing, te

Xt urin

g, enbg
treat

ssi ng,

corona

treatn

ent,

heat - set t
MFR@225§si ti g
articles
jtiondl

Fkx“%% Fidi ndl y
Flex Sirekkat es t
t he conpg

it is bel

T Sir. ¥ &Kpgiescr

folldg
%Elog%@.)

ition
practi cin
HDT 264 psi °C

E Max load ft-lbs
N Izod ft-1bs/in

o4 +
dtl IICII[H

n

to alté

et

ang

0 ar9|j
sition
I eved t
i ption
Wi ng e
gui dand
g the q
159

58
12

J

aul o 4
Prast
ur ther

r surf

)th ?ll

H 33 s

anp| es

etot
| ai med

175

55
1.2

abovel
hat onk
hergi I’”

bé"gapp
ace apy

es. ta th
6‘5? nent

.

heets 4
W t hd
skill
w3yl

arg i

hose sk

164

60
14

mrent—at
i &d t ¢
earancq
g,
nd2if3 | 1
ut furt

ed in t
zelxthe

cl yded
|Ilégd [

153

56
1.7

" P -
U vdadlu

Et?r%
s and

es
é&#nv
E Rr7ep
her el
he art
priésen

t02r0
n the

a

169

35
L5

r
bhovie?
npar t

bntfHn
ar edof r
abor at i
can, u
[ i1BAven
Vi d§7
art of

153

53
1.6

2.2

480

0ne3.0
on,
si ng
ti o2
77

174

64
1.0

All blends 3 phr TiO2 & 0.1 phr triaryl phosphite

Improved solvent resistance of the resorcinol based polymer blends compared to the

polycarbonate blends is shown by exposing the blend of control example A made with

PC and example 9 using the same amount (20 wt%), of the IR9010, to 1,1,1-

trichloroethane (TCE) or butyl cellosolve. Molded bars (3.2 mm) were exposed to
solvent for 1 hr at 23 °C at a strain of 2000 psi (13.8 Mpa). The control sample A
showed slight crazing and surface etching in the TCE after 1 hr. The ITR9010-PEI

blend of example 9 showed no change after 1 hr. exposure to TCE. After 1 hr

exposure to butyl cellosolve the control sample A showed slight crazing. Example 9

showed no solvent attack.
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i nvention. The exanples provided are nerely
representative of the work and contribute to the

W0 e@clodisgl of t he present invention. Accordi ngl RCT/URMS€035726
exanples are not intended to |limt the invention in
any manner. All patents cited herein are incorporated

e S A S LA L i
redudifé H&S tQEasE LD ALK rg@ﬁé {im¥4d }f.f%a[ﬁq{e){fe NO& %ﬁ%@ﬁ%&%ﬁ&h

siTicone polyimde copolynmer resin in a
exangpilesdl0end dl daye vaeslion heatnekedseepropartey, exGopleddittaks soraealie

isted in wt%of the total .conposition except ere .
towel b ot Mshla bhes ot 2 e i Th ottt sioinb tne rasioy
effecB40a MElal dkide Rl @APS were run at about 90 rpm under

vacuum The extrudate was cool ed, pelletized and dried
at 120 0C. Test sanples were injection nolded at a set
Tablg 3perature of 320-360 OC and nol d tenperature of 120

OC using a 30 sec. cycle tine. Properties were
ExamiBas Ur ed usi Dg STMtest nethods. Melt flow rate (MFR)

Bs run dn dPied piliets as per ASTM D1238 at 295 OC
PEI using a §. 763y Weiqt.| Al nol dedsanpl es were
rTRodiONdi ti oHed3d‘(pr at oIoeast 48h at 50% relative humdity

prior to|testing. 3Notched | zod i npact val ues were
PEI-Spaxancur ed |at 2600m t dhpeyature on 3.2 mmthick bars as
Tio, Per ASTM|D23@. HHeaj,distortion tenperature (HDT) was

at—1—82MPa—(264 psi) on 3.2 mmthick bars as
Heat Refepse ASTM|D648. Bi axi al |, or instrumented inpact was
2 min (EARMY on1302{x $ 2 hm di scs at 23 OC usi ng ASTM

met hod D3763, pﬁEak i npact energy is reported. Tensile
Peak WWEmErti ds whre|nmeddured on 3.2 nmtype | bars as per
Time OBdAM Ry Nod3 §638. 4ngexbral properties were neasured on

32 mmrbars—as—per—ASHM nmet hod D790. Sol vent

_resistange was freasured on 3.2 mm bars using ASTM
MFR @295°C 3.1 3.0

AQ1L

Flex Mod Xpsi 467 470
Flex Str Kpsi 23.3 22.9
T Str. (Y) Kpsi 14.3 14.0
% Elong (B) 52 86
HDT 264 psi °C 169 169
E Max load ft-Ibs 54 57
N Izod ft-lbs/in 0.9 1.0

Examples 12 and 13 are shown in Table 4. These blends combine the resorcinol ester
polycarbonate, polyetherimide and silicone-polyimide copolymer with an additional

non-arylate polycarbonate, bisphenol-A polycarbonate (PC). The blends show HDT
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met hod D543. Percent transmttance (%) and percent
haze (%) were neasured as per ASTM net hod D1003 at

WQ 2@ 74085381

Heat

rel ease testing was done on 15. PCRUSBNR035726

cm plaques 2.0 mmthick using the Chio State

Uni ver sit

y (08U

r at e- of - heat

rel ease apparatus, as

ured by the nethod |listed in FAR 25.853. Heat
above Shodse HesahEediile @t ar390ienshi20E 8408 AHBWaRY Hhiwo-

mmuv\(egdgdﬁ,@é

The tinme
Tableveasur ed.

hedlkd1ttsE %%@ n%

ured as k

to peak heat
The heat

square neter).
(kilowatts per square neter).
rel ease,
rel ease test nmethod is al so

Peak heat rel ease

in mnutes, was al so

described in the "Aircraft Materials Fire Test

Handbook ' DOHFAAFAR-B0/ 12, Chapter 5 " Heat Rel ease
Exampfeést for |Cabfn Maté?ials". Note that letters designate
PEI conpar ati|ve ggxanpl e whil e nunbers desi gnate exanpl es

of the invention. Matefials Resorcinol ester
ITRING) ycar bonat® (|| TRPresin used in these exanples is a
PEI-ja6tayerer nmdez fr om tohe ¢ondensation of a 1:1 m xture of
PC iso and tere1 ht hal %I chloride with resorcinol,

bi sphenol| A E}BPA) d phosgene. The I TR polyners are
TiO, nanmed by |t he3 approx mate nole ratio of ester |inkages

To carbonate Tinmkages. || TRO010 has about 82 nole
% esorcinol ester linkages, 8 nole % esorcinol
HeatRaealsronate | i nkages and| about 10 nol e %BPA carbonate
2 k&‘%ﬁ es.| Tg,= 1_31? PEI = ULTEM 1000 pol yet heri mi de,

i Ig 5, eact7| on o g:bl sphenol A di anhydride with about
PeakﬁfW”@Qual nol28r ano@ht of m phenyl ene dianine, from GE
Tnnelfgjﬂgkt(mlga 39 | 0xang 15 a polyetherimde dinethyl

st+-oxane—ecepelyrer—made fromthe

MFR@295 °C 2.6 4.0
Flex Mod Kpsi 465 485
Flex Str Kpsi 223 21.9

T Str. (Y) Kpsi 13.8 13.3

% Elong (B) 82 100

HDT 264 psi °C 169 161 x
E Max load ft-Ibs 55 58

N Izod ft-Ibs/in 1.2 1.3

Examples 14-16 are shown in Table 5. These blends have high resorcinol ester

polycarbonate content. Even with low PEI siloxane content and low PEI content the

blends still demonstrate improved flame resistance as shown by low heat release

values and long times to peak heat release. The blends have excellent flow as shown

by the high MFR, along with a high modulus and strength. Tensile elongation at break
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i mdization reaction of m phenyl ene di am ne,

BPA- di anhydri de and a bi sam nopr opyl

functional nethyl

W@ 2007083381 cont ai ni ng on average about 10 sil i cPEEUS2006/035726

at ons.

about 24,000 as neasured by gel

is abgyh 4

of the iInve

@5_1(1) By %ﬁ%@sﬁﬁﬂ&

70% SRIRAAEhA4Ss RYAHBb

ntion.

I s BPA

Exanp

Bak # _
@Suw%: dven WHRES ﬁ-&ﬁ%@éﬁ%& f% il

es 1 and 2 o

It has about 34 wt % sil oxane content and aWh of

per nmeati on

pol ycarbonate, LEXAN 130

0 {h@d)grc&ggqrz@qqggtéance 1s above
| es

w how

blendse plotahiedirod impad@Girength issabowe 8r0cht-lims/inest er
pol ycar bonate (1 TR9010),
Tablcgpol ymer bl end, gives a surprising reduction in

§#o-mi nute and total

heat

in a PEI/ silicone-polyimde

rel ease conpared to the

control exanple A The two-m nute heat release is
Exampigduced by halfs. The fi t ojgpeak heat release is also
p— tayifng—the—tHre—at—which the fire reached
maxi mum i ntjenstiPy. 4 tihat’%ddj tion of the
ITR g0@&Or ci nol |esB&d ﬂol y@:@rqonao.e al so increases flow
et iVERE el t {f | g%ratel_?é IOTE_Q_} asured at 295 0C) and
. |nEr0\(es eljongatian at brijeak. Tabl e 1 Table 2 shows a
Triarg @pospliteof REI Y1 erlds Wi t H vd¥li ous amounts of a
resorcinol |ester pgolycarhonate and 1 to 4% of a
L yrmidg—copotyrer—Exanples 3 - 9 all show
Heatgel?f"é?y | ow [two-mi qute and a | ow peak heat rel ease.
2 mirSEWphies al || sHéw g hiigh NFR isndijcati ng good nelt flow.
peak [Imb)S Oreat ersot hgn 150 GC ip al| exanples. The
. exanples all|so all (have a |fl exural nodul us of > 400
TimeyigRgak Minso |Vpaf4 Al sé>hotle P4t Jeven with |ow | evel s
comm@f t he pol ylebdnemic i ohey chfrdr fdmpatrance, in exanpl es 6 and
MFR@2BRI € 1T | 439 14.8 145
Flex Mod Kpsi 399 395 393
Flex Str. Kpsi 19.3 19.4 19.3
T Str. (Y) Kpsi 124 12.4 12.3
% Elong (B) 40 45 46
HDT 264 psi °C 133 134 133
E Max load ft-Ibsf 50.7 50.6 52.9
N Izod ft-Ibs/in 2.7 2.5 2.6
% Transmittance @ 2.0 mm 74.3 72.4 72.5
% Haze @ 2.0mm 59 6.6 58

Examples 17-19 are shown in Table 6. These blends have about equal content of
resorcinol ester polycarbonate and PEI. Even with low PEI siloxane content (0.75 to

2.25 wt%) the blends still demonstrate low heat release values. The blends have good
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iIs less than half of the total blend, surprisingly |ow
heat rel ease values are still achieved, hi this set of
wez@asisent s exanples 3 - 9 have 3.0 parts perP¢I/ns2066035726
(phr) titaniumdioxide and 0.1 phr of a tri-aryl
phosphite present. Table 2 AUblends 3 phr TiO2 & 0.1

R L T T
TensR® Ekﬁglﬁtmtb‘?elaﬁli§%e b5 %Sﬂ%mégglﬁ?é PRdte attag ¢ oRhRnee Of

control exanple A made with P exanpl e using the
percepi trensnitiande i§ 200vet6fs woile thechak 830G, below1,01% In these

trichlor a TCE) or butyl .cellosglve. M) ded bars
polyip5! G RRIOHER et bt o featvp o it A 4o ot
exanlét rai n of 2000 psi (13.8 Ma). The control sanple A
showed slight crazing and surface etching in the TCE
after 1 hr. The | TR9010-PEI bl end of exanple 9 showed
Tabl$,§ change after 1 hr. exposure to TCE. After 1 hr
exposure to butyl cellosolve the control sanple A
nowed st gmt crazjng; E danige 9 showed no sol vent
_Exampled’ 10l and 11 i d’Tabl e 3 show the
PEL beneficial e¢f #dtt pf48de |addissi on of Ti Q2 in reducing
TR Joe@t el ease ap@ i hckggsingsgdie([time to peak heat.
PE te that wpile both exanml es 10 and 11 have excel | ent
THEHEe r el ease ptopertied, |exafpl ¢ 11 has somewhat | ower
Triarp@bdsptieat r el ease Valoues |and.ia lfonger tine to peak

heal show ng the beneficifal effgct of a nmetal oxide
addi-ti-ve—Table 3 Pvaupl#slq.z_a.aﬁd 13 are shown in
Heat Relesse 4. Thﬂﬁse bl ends coqml ne the resorcinol ester

2 mic@WYEiamPonat e, 1pol yetfherijm de amnd silicone-polyi m de

obymer wilth_an faddijtignal_non-aryl ate
Peakg‘&ﬁ?‘ear bonate, 3% sphetlol |/A P8l y¢ar bonate (PC). The

Timelt} Reald@lishow| HORabolv e4.260 |0GL62a 1 exur al nodul us of >
Comme;)?tgo KpSI (2 P%ymﬁ foa%IhQ %@nﬁlychtlr W t wom nut e

[Exam

MFR@295 °C 6.7 6.9 7.0
IFlex Mod Kpsi 441 430 433
Flex Str Kpsi 22.1 21.7 21.8
T Str. (Y) Kpsi 13.9 13.7 14.1
% Elong (B) 38 54 80

HDT 264 psi °C 155 151 151
E Max load ft-lbs f 61.1 53.1 59.6
N Izod ft-1bs/in 14 1.6 1.5

% Transmittance @ 2.0 mm 73.0 72.4 68.8
% Haze @ 2.0mm 2.5 3.1 5.8
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and peak heat release values. Table 4 Exanples 14-16
are shown in Table 5. These bl ends have high
WO e®a/08338D1 ester pol ycarbonate content. Even BET/0S1008035726
PElI sil oxane content and | ow PEl content the bl ends
still denonstrate inproved flane resistance as shown
| ow heat_rel ease val ues and Ion%qltl nes to peak _ heat

b
Exampiqségs%’& arg FROWN Bh Hable Avihesk Blepdesantain gA0HE apdih oby
1esor$1ﬁ<9 431& Boﬂ%ﬁboﬁ'ﬁt@ nwlm e?y wpﬁb%mqﬂé HéntéHNO .55 18 95 h.

ation breaki s ove 25% |
Wt%)&h@lﬂphmmll\&mmnshatb 1@W héat Gelnapetvabiep end kv t11nes to peak heat

relcasgy R PIEB ey erel O ob I Betes i S At AR with a
high fﬁ'o@lﬁlq§ >’_’N@tlg[5§?}jan'dzsﬁ€ngtﬁp%%ﬂ§ El()ﬁ%ﬁfotﬂ o Breal QVbote 05% in

Exanpl es are shown in Tabl e
all examplﬁheN etelfhasrati 3. Ornamdhaprycant signehitiener ie abo st 60% sibile eo|

ter at e ven with | ow PElI sil oxane
haze BT h S 36 R DR Aot endii bt enis st
denonstrate | ow heat rel ease val ues. The bl ends have
Tableggpodf | ow as shown by the high MFR along with a high
nodul us (>390 Kpsi) and strength. Tensile el ongation
at—break—is—above 25%i+n—-all—exanpl es. Note that at

Exampges) nm t he |per’ent t #ansim t¥ande i s above 60% whil e

per the haze i g lows bekbow 10 $o7on |t hese pol ymer bl ends.

ITRgI\I?tched | zad j aot 2% ngé@(i g above 2.0 ft-lbs/in in
89 three exa#p e< anpl es 20-22 are shown in

PEI STabiee 7. Thes@7dl (.ndéocont aezh g | ower anount of

Tnarﬁ%%h% nol estgr polygarponate.l Wth very | ow PEI
stHexare—eghrtert—(0—+otp—22 25 wt % the blends still
denonstratg | ow heéat relase vél ues and low tines to

Heam@@ke heat rlel ease| The b] ends ghow useful flow for

5 min _ml r%ceSS| ng aﬁppl | gat ong allong with a

Peak (KW/m®) 29 27 26

Time to Peak (Min) 2.70 2.91 4.69

Comments foamy char | foamy char | foamy char

MFR @295 °C 2.1 2.1 2.3

Flex Mod Kpsi 467 473 473

Flex Str Kpsi 23.9 244 24.2

T Str. (Y) Kpsi 16.0 15.8 157

% Elong (B) 95 72 28

HDT 264 psi °C 171 176 175

E Max load ft-Ibsf 58.3 57.1 62.2

N Izod ft-lbs/in 1.0 1.0 1.2

% Transmittance @ 2.0 mm 721 70.1 66.4

% Haze @ 2.0mm 2.5 4.0 7.0
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hi gh nodul us (>390 Kpsi) and strength. Tensile

el ongation at break is above 25%in all exanples. Note
wWo b@u/033382. 0 mm t he percent transmttance i s abOWESBO8O35726

while the haze is low, below 10 % in these polymner

bl ends. Tabl e 7Table 8 contains control experinents

B-G that show the heat rel ease values for various

TablgB eprisinpicenira} ¢xperiraents BrG dhnh shqye i hepreleaspwalyesder | n
w788 o o0 DR BB B 0505 AR B i,

has lR¥@idled 3o e goyném Vientreeascanthes iarsisighe tanthoftoeithe
rel ease are shorter, indic tlng |nfer|or

FR .. .
exanpgsiob thrnzentionApd dmpspip peakdhcet e qvpsyme ghorfer, jgdicating
th inproved flanme retardance conprising
u@aﬁﬁ%ﬁ%%@%hﬁ%ﬁ@lrst resin selected fromthe group
consi sting of: polyimdes, polyetherimdes,
Tablp8l yet heri mi de sul fones, and m xtures thereof, a
resinfcogprising ajsilicohe copol r and
3(?ersnag n_conprisj nggaﬁrnsgﬂ_rp: nol %Qg‘se_ézgr vl ¢
PEI pol yester resi nlOdherei i grieaer thaf or| eqgfal |t 0380
Trofg! € % of the a(rgyl poliygstier ,4i nkaggs are aryl esper
I nkages derjve romresarcinol] 2. The conpgsition
TiO, of claim 1 wher®in theOsilli cohe copdl yner Bs sel ett ed
Heat RAQMM the grolp cons| sting |of; polyim de| sil oxanes,
pol yet heri m de sil oxanes, |pol eri m de sul fgne
2 mindkWopigiids, pol y&hr bpnatbe dil & aan,3%oI§esﬁbrcarﬁﬁnate

p%k§NWQ%anes pol ygul f pneygsi l|loxapes| ped yel heye sul f gae
i | oxanes, polyphenyl ene &t her sulfane sllo?aneslﬁpd

i iy Bk (MBS { pef edft ol Fic onpdsi1i dn'lof| cI'd

wherein the silicone copol yner content is from

Contr?l%,?(am
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0.1 to 10.0 wt% of the polyner blend. 4. The

conposition of claim1 wherein the silicone copol yner
wha®7/083381 20- 50 Wt % si | oxane content. 5. The PCT/US2006/035726

conposition of claim1 wherein the polyimdes,

pol yet heri m des, polyetherimde sul fones and m xtures

hereof, have a hydrogen atomto carbon atomratio of
m3§§%&m?%qual to 0.75. 6. The conposition of
claim1 further conprising one or nore netal oxides at

1. 0 A b gQ%%@%{&ﬁh‘%%veﬁf v\}%&r eﬁf’da}‘l rrH}gﬁsnI‘ijg a % eng e éirst

conp03|t|on 0 el n t orC|no ase
resmﬁgebtefbtﬁﬂoyrethb@odmnbisen§bif polyunzeieslpoi/yetmmchMer ein R

polyegissihids SRBiar e iGgentefrol 4 sedpmn comerisinEngiiisone
copoRdttan@ a tiird R db?ffﬁiﬂﬁigtd 1REoreoPhAREd {1 iﬂﬁ?éﬁéﬂe&ﬁ@vherem

resorci nol based pol yester resin Is a COpO yner

greatgbihenionequgl tsvaitbmn % dof il yester higkages agetarpcestare
1mki¥§¥§ﬁegﬁ§ re} Erﬁin Ris at |east one of Cl-12 al kyl,
: y

aryl, al koxy or hal ogen, n is 0-4.
R5 is at | east one dival ent or ganic radical, mis
2. ab®hd conposithd cdrethim 1 whabiauhe StidéHe. coBolyiiee 1&@1@%1] fidran

of claim8 erein R5 is deri f.rom a bi sphenol
the g&?}mf@aﬁatma%w pelpyEmids HHeEAnFs: @HYYS&WHF’&‘?%HPX@W& ein the

ne
PO L b o P e R Ly e
siloxgnasupolgotfons silowgnes, pobietheh arlfsine Ailoxanes, polyphenylene ether

sulfone siloxanes and mixtures thereof.

3. The composition of claim 1 wherein the silicone copolymer content is from

0.1 to 10.0 wt% of the polymer blend.

4. The composition of claim 1 wherein the silicone copolymer has from 20-50

wit% siloxane content.

5. The composition of claim 1 wherein the polyimides, polyetherimides, ,
polyetherimide sulfones and mixtures thereof, have a hydrogen atom to carbon atom

ratio of less than or equal to 0.75.

6. The composition of claim 1 further comprising one or more metal oxides at

0.1 to 20% by weight of the polymer blend.

7. The composition of claim 1 wherein the resorcinol based aryl polyester has the

structure shown below:
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di anhydri de, oxydi phthalic anhydride, pyronellitic
di anhydri de, diphthalic anhydride, sulfonyl

wal@nigsssi de, sul fur di anhydri de, benzophenonePCT/US2006/035726

di anhydride and m xtures thereof and, (b) aryl diam nes

sel ected fromthe group consisting of: neta phenyl ene

di am ne, para phenyl ene di am ne, di am no di phenyl

sul fone, oxydianiline, kis am no phexoxy benzene, bis

am nophengxy bi phenyl, Bjs ani nophenW phenyl sul fone,
n

di am no I tunes)thereof. 11. A
conposi tipn canprisling a flame rletagdant pol ymer bl end
of : a) 1- ht of e orl] nor e/ pol yet heri m de
resins, wei ght nore aryl

pol yester Xesin contmgi ning at | east bAGnnol e%
resorcinol derived |inkages, c) 0.1-10%y weight of

one or nore silicone copolyners, d) 0-2% by wei ght of
whereineR @ at haasteonss $hhoallesl, Carihaniyl, m@cys}.taa&,l dlkorarer hatagen)
0- 20 96by MEIght of one or nore netal oxides. 12. The

. sit m 11 conprising a flame retardant
018 %%P;s?o@} Fgeas ag?uaéa) 50-99% by wei ght of one or nore
pol yet heri m de resins, b) 1-50% by wei ght of one or

8. NDTke ednypospivnydslabm Tah&onaherdsesinml baﬂeﬂ@bm’eﬂtgr Beisin is a
| east 50. nol eo/%gleso CI nol deriyed |inkage c 0.1-10%

COPOBYMGREP BRI 25 IpiEEes RAVIEIGR SRS %P&e FF 0- 2%
by wei ght of one or nore phosphorus containing
sta 'Iizers and e) 0-20 % by wei ght of one or re
net oxi des.
0 0] 0
c ~-R%0-C
AN
m Y

wherein R is at least one of Cy.jy alkyl, Cs-Co4 aryl, alkyl aryl, alkoxy or
halogen, n is 0-4. R’ is at least one divalent organic radical, m is about 4 — 150 and p

is about 2-200.

9. The composition of claim 8 wherein R’ is derived from a bisphenol
compound.
10.  The composition of claim 1 wherein the polyimide, polyetherimide, or

polyetherimide sulfone is made from

(a) aryl dianhydrides selected from the group consisting of: bisphenol A
dianhydride, oxydiphthalic anhydride, pyromellitic dianhydride, diphthalic anhydride,
sulfonyl dianhydride, sulfur dianhydride, benzophenone dianhydride and mixtures
thereof

and,
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13. The conposition of claim1 having a heat
distortion tenperature (EDDT), as neasured by ASTM
w®eehd/ 03381 gr eat er than or equal to 150 0C. 14.PdmnEs2006/035726
conposition of claim1 further conprising a
fluoropol yner. 15. The conposition of cl ai m 1 further
onprj.si n a co und. contai nin 0 on.
) acopdign SN atoup Enditing ot e R et fidfipe.
paragge'g\ %eh@ hﬁﬁﬁﬁ‘e d?a?rmﬁﬁ L eﬁﬂ sBoiABx FdiadiBide, B ahBR®hERGKY

t 50 kWnR. 17. The conposition of claim1l wherein
benz¢rteebif |aammp|hemmydaphenyb Ibjsramminppleensl] phenybsulions; diamino

., elon ion at bre s measured by ASTM D638, of

dlphwgﬂ'?@ﬁﬁe?rﬁ lxg)l}re%%ﬁiaﬁ ?to about 25% 18. The
conposition of claim1 wherein the flanme retardant

11. POAYoR oiih@ﬂébrhpﬁmﬁgﬁﬂemuﬁahrdﬁmcbdlmerlﬂm&MSur ed by

ASTM D79 of greater than or equal to about 390Krsi

2691 Mpa). .19. A co |t|onW|th| roved fl ane
a) 1 é%%fbb’d"é%%lﬁ of BRDPS @Pﬁ*&p"i ipesiRide festpsy |mr)st resin

sel ected fromthe group consisting of: polyimdes,
b) 9@ q l%y @3‘ Q@f hiASR or Redr¥ @1 8blyaiteieresitIchbARAEng M6asiBH idles
a second resin conprising a silicone
, resorcmpbdqrrvedhah@ge& third resin conprising a resorcinol
based aryl polyester resin wherein greater than or
% ester |inkages are
C)OQEH?LXS‘,"%&%QIO é%%le%l&fesﬁllgb\%ggrcﬁd 1F’lxésorm nol wherein
the flame retardant polynmer blend has a percent
d) O-Rcnsweighicofeome at nidr phospharss nessininektdbjliZzSTMdD1003, of
greater than or equal to about 50 percent. 20. A

e) 0- g(?%ﬁggiggpy@tg&rhn"&re?ﬁ’ea 0X1 ege retardance conprising

12.  The composition of claim 11 comprising a flame retardant polymer blend of;
a) 50-99% by weight of one or more polyetherimide resins,
b) 1-50% by weight of one or more aryl polyester carbonate resin containing at

least 50 mole% resorcinol derived linkages,

c) 0.1-10% by weight of one or more silicone copolymers,
d) 0-2% by weight of one or more phosphorus containing stabilizers and
e) 0-20 % by weight of one or more metal oxides.

13.  The composition of claim 1 having a heat distortion temperature (HDT), as

measured by ASTM D648, of greater than or equal to 150 °C.
14.  The composition of claim 1 further comprising a fluoropolymer.

15.  The composition of claim 1 further comprising a compound containing at least

one boron atom.
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sel ected fromthe group consisting of: polyimdes,

pol yet heri m des, pol yetherim de sul fones, and m xtures
wao bh@resd3gl a second resin conprising a siliconePCT/US2006/035726

copol ynmer and third resin conprising a resorcino

based aryl polyester resin wherein greater than or

ual to 50 nmole % of th I K
16. arShe conpeniion ok lgus WAy FrsRREUSEiEETone] MRADIG BY ©

EARE?%éﬁhﬁm%smgkﬁﬂgﬁpgogg} per bl end has a percent haze
as measured by ASTM D1003, of |ess than or

equal to about 25 percent. 21. An article nmade from
17. t HEhecrompositivh of climd| wherein thepPameyetaddnt obyneg béqndlhﬁ‘ﬁ 2

Sl RN AR DS0058, SP BRSSP

abou{r@jgg.ed parts, extruded profiles, coated parts, f| bers
foalrrs hvvl ndows, | uggage racks wal | panels, chair

parts ightin anels di f fusers, ade
18. | SRscvmpskifionghelimi ghurighelune E%afgam olyrhél Bend S8

ﬂexurzﬁf ed(a!lgr 2 rggé:s%rﬂé/ ASE 197§ %¥ reale? ﬂf&ﬂ'cﬁr%gueﬂ k® ESout

W're coati ngs, rical connéctors, air
39mﬁ@hd%9ngﬁﬁ©yrces, ventllators, Iouvers, |nsulat|om
blni storage containers doors, hinges, handl es,
sinks, m.r.ror hausi s, toilet.seat :
19. cofrcomBaRLon %‘31 lmPﬁ%, dr@&ﬁé?@rdaﬂ‘é%%"%{lﬁ“ég 4 ‘s"{eng %?9 Bkt
resmcs@feEt%d flondihe er&@PEMBIsAng b POlynaIdes, GRIRMbrpIaey, ,
conmuni cat i ons equi pment and i nstrunent panels. 23. An
polyahcmmide swifiorees{ ashmixteres Biersobiaseepndorsia caMprisige agiicopg

|
copo elgc & ﬁhu& #e%h%o%gqrmgfﬁek&?ﬁlg ?{SE{F grfl F)Q@ﬁgetgrerggﬁmrem
greatréklﬂi;ah I((j)ﬁb’@Iatl fd SGTigmoflen%l afeltt Pl patyeseerllinkaped apy of/] ¢ses,
coated parts and_foans:
inkganearsied e Feopiincd WIET AR G iy g d FES
perc%ﬁ%ﬁﬁmttﬁﬂéet t0I RS, ab gﬂ%ﬁﬁed S RIST8NDI 0031 SF1kd 84 than or

Vi ces ref ectors, twor k, cable trays condui ts,

equaptcpeont Sapdreeriti es, W re coatings, electrical
connectors, air ‘

20. A composition with improved flame retardance comprising a blend of a resin
selected from the group consisting of: polyimides, polyetherimides, polyetherimide
sulfones, and mixtures thereof, a second resin comprising a silicone copolymer and
third resin comprising a resorcinol based aryl polyester resin wherein greater than or
equal to 50 mole % of the aryl polyester linkages are aryl ester linkages derived from
resorcinol wherein the flame retardant polymer blend has a percent haze at 2.0 mm, as

measured by ASTM D1003, of less than or equal to about 25 percent.
21.  An article made from the composition of claim 1.

22.  An article of claim 21 which is selected from the group consisting of: sheets,
films, multilayer sheets, multilayer films, molded parts, extruded profiles, coated
parts, fibers and foams: windows, luggage racks, wall panels, chair parts, lighting

panels, diffusers, shades, partitions, lenses, skylights, lighting devices, reflectors,
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handl i ng devices, ventilators, |ouvers, insulation,
bi ns, storage containers, doors, hinges, handles,
W@ R00R®35381 rror housing, mirrors, toilet seats,PCEOI§IOE)35726
coat hooks, shelving, |adders, hand rails, steps,
carts, trays, cookware, food service equi pnment,
communi cations equi pnment_and i nstrunent panels. 25. An
ductvegrl.jcable tryslecondwits, PHSS OIS GSH tWIBhCMINgS, £1Gefring! coglectals,

air haﬂﬁfﬁ Sgicéki%m%f &%ﬂ‘ﬁﬁﬂ%@ 510)9%5 I??éuﬁtl%ﬁl lﬁﬁg %gorgéé)éﬂﬁﬁﬁﬁerg TRYR,

eet's eets
hmgemhahdlea)serrksf it haweind edirpas, tteilet gadts, lhxaagbmrooﬁu Hoeks,

oaf ed rts and foans: w ndows, | K wal |
e 3 A SR i ot LudHage L pckc M)
comm}Ad®®ns 9(?1’6 thﬁt%ﬁ’ln§tx%ﬁ1%ﬁﬁ%an§1§y| ights, lighting

devi ces, 'ectors, duct cable trays, conduits,
pi pes, cabl e ties, wire coatings, electrical
23. cohna@t:brrgad@wmhl@mﬂmmlt@e\pf@ gn 19entil ators,

| ouvers, insulation, bins, storage containers, doors,

24. hl/ﬂ? r?fclehoqfrz:ﬂll%h%S @hﬁﬁ ¥ sefgc ed‘HonE %S% E%? cgﬂs{sruﬁ% 8 &heets,

et seat’s angers, coa VI ng, ers,

filmshmoHilayai blscetss trﬁmSlaye:réﬂinS,, mtblﬂedlpartsc extkwdedeprofilegdoated parts
SerVIce equi prrent ni c
and fpgmRY: WIRGGW q 'gggg@ggrac S, I;ane S, C ra]uSr p% S, lpgﬁlgtg pgne S,

diffusers, shades, partitions, lenses, skylights, lighting devices, reflectors, ductwork,
cable trays, conduits, pipes, cable ties, wire coatings, electrical connectors, air
handling devices, ventilators, louvers, insulation, bins, storage containers, doors,
hinges, handles, sinks, mirror housing, mirrors, toilet seats, hangers, coat hooks,
shelving, ladders, hand rails, steps, carts, trays, cookware, food service equipment,

communications equipment and instrument panels.
25.  An article made from the composition of claim 20.

26.  An article of claim 25 which is selected from the group consisting of: sheets,
films, multilayer sheets, multilayer films, molded parts, extruded profiles, coated parts
and foams: windows, luggage racks, wall panels, chair parts, lighting panels,
diffusers, shades, partitions, lenses, skylights, lighting devices, reflectors, ductwork,
cable trays, conduits, pipes, cable ties, wire coatings, electrical connectors, air
handling devices, ventilators, louvers, insulation, bins, storage containers, doors,
hinges, handles, sinks, mirror housing, mirrors, toilet seats, hangers, coat hooks,
shelving, ladders, hand rails, steps, carts, trays, cookware, food service equipment,

communications equipment and instrument panels.
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